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Final Summary Report
Septemder 1, 1947 to June X, 13%0
an
Research at Purdue University

Purdue Research Foundation and Department ¢f Chemistry
in cooperation with
Armmy Engineers Research and Development Laboratories

FIRE EXTINGUISHING AGENTS

Abstract,

Negotiations between the Army Engineers Research and Develop-
ment Laboratories resulted in Contract No. W44A-009 eng - 507 for conduct-
ing studies, reseswrh and investigations leading to the develomment of &
fire extinguishing agent with €ime fire-fighting characteristics egual
to or superinr to methyl bramide. Although fluorine comtaining compounds
werc of a great deal of interest to this project, the investigation was
not limited to a study of the applicability thess compounds as fire
extinguishing agent.s.

A literature search revealed that no systematic study had been
made of compounds to be used as fire extinguishing agents. In general,
a proposed compound was tested by putting cut fires under apecified
conditions. Such a test method was obvicusly not suited for rating research
samples of 3 few grams of material.

A laboratory screening test of compounds for their fire inhibiting
properties was set up by determining the limits of flammability of mixtures
of fuel, (n-heptane) air, and the proposed extinguishing agent. The peak :
in the curve obtained by plotting data concerning the flammability of !
mixtures was considered as a measure of the flame axtinction properties :
of the test ccmpound. This hypothesis was later shown to be valid by
tests conducted at Fort Belvoir. Dibromodifluoramethane heads the list of
the thirty-one compounds found tc be more effective than methyl bromide
on the basis of this test. When the comparisons were made on a weight
basis instead of a volume basis only eight compounds were found to be more
effective than methyl bromide.

It was found that in a given hamologous series of compounds,
the effectiveness in fire extinction properties increases with an increase
in molecular weight. No apparent relationship could be found between the
fire extinction properties and molecular weight of compounds chosen at
random.
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As part of a program of determining the effectiveness of
elementsl coamposition of a compound in decreasing the flammability of
mixtures of air and n-heptane, several non-carbon compourds were studied.
Halides of silicon, sulfur, and boron have flame inhibition properties
which are greater than those for the corresponding carbon halides. The
properties of these non-carbon halides rule them out as suitable fire
extinguishing agents. Subsequent research should include a study of methods
leading to the preparation of organic polyhalides euntaining sulfur,
silicon and boron as an additional element.

The effect of a halogen substituent upon the fire extinction
properties of carbon compounds was studied in some detall, The order
of increusing effectiveness is F{Cl1<{Br{I. There are, however, some
anomalies to this gensmlization which cannot be satisfactorily explained,
For example, the alkyl lodides are more e¢ffective flame inhibiting agenits
than the corresponding alkyl bromides, but the perfluoroalkyl lodides
may or may not be as effective as the corresponding perfiucroalkyl bromides.

The replacement of a bromine atom for a fluorine atom in carbon
tetrafluoride greatly increases the effectiveness of the resulting compound,
bromotrifluoromethane, in decreasing the flammability of mixtures contain-
ing air and n-heptane., Subsequent replacements of bromine for fluorine
results in the formation of compounds which are more effective as fire
extinguishing agents, however, this increase in effectiveness is not s
linear relationship.

Unsaturated campounds were found, in general, to be ineffective
in decreasing the flammability of mixtures of air and n-heptane. Tetra=
fluoroethylene was found to burn in air. 2,2-Difluorcvinyl bremide was
found to be as effective as methyl bromide., The (perfluorocalkyl)benzenes,
such as benzotriflucride were found to be flammable in air.

The effect of temperature upon the coordinates of the peak
in the flammability curves was determined at -78°C., +26°C., and +145°C.
The crder of effectiveness, based upon the wolume per cent of the halogen
compound in the mixture, is the same at the three temperatures. The
flammable areas obtained at =-78°C. were found to be quite irregular. It
was also found that as the temperature increases, the peak in the flammability
curve also increasec.

The standard fuel used for rating the various fire retarding
agents with respect to one another was n-heptane. When the standard fuel,
n-heptane, was replaced by a different fuel a qualitative parallel relation-
ship exists between the fire retarding agents., Other fuels investigated
included diethyl ether, pentane, benzene acebone, ethyl acetate, and
methanol,

The possibility of using a mixture of compounds as a fire
extinguishing agent was also investigated. Several binary mixtures of
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halogen compounds were used as fire retarding agents on mixtures of
n-pentene and air, This preliminary stuay indicated that in certain
instances the use of a mixture of halegen-contairing compounds 1s ad-
vantageous. The actual effectiveness appeared to be characteristic of
the particular mixture used. Hence no generalizations could be made
regarding choice of constituents in the mixture.

As a continuation of a study of the effect of variables on
the flammable limits of mixtures containing air, p-heptanc, and a
halogen compound, the flammable areas at subatmospheric pressures of
20, 300, 400, and 500 mm. Hg were determined. Per mixturss conteining
methy)l bromide as the flame inhibiting agent, not only is the flamm-
ability peak lowared with a decrease or increase in pressure from 400 mm,
Hg but in general the flammable area lies within the area found at 400
Hg pressure. When trifluoromethyl bromide was used as the {lmme in-
hibiting sgent the peak in the flammebility curve was cssentially the
same at 300, 400, and 500 mm. Hg pressure and lower at 200 mm. Hg pressure,
In the case of dichlorodifluoromethane, the peaks are equivalent at 300
and LOO mm, Hg pressure and lower at 200 and 500 mm. Hg pressure, These
examples are too few to warrant drawing any conclusions concerning the
effect of pressure on the flammable areas,

An accelerated stability test of verious halogen compounds
to iron, copper, aluninum, brass and magnesium was performed. Tests
were conducted at reflux temperatures at 200°F. (93.3°C.) and at
392°F. (200*C,) under anhydrous and aqueocus conditions. Small strips
of the test metal werenoted for corrosion and loss in weight. Data
show that hajogen compounds are less stable toward aluninum than to
either brass, copper, iron or magnesium. There appears to be no signifi-
cant difference between the stability of these compounds to brass and to
copper. The compounds are most stable to iron. The fluorocarbons are
the most stable and the monohaloalkanes the least stable.

Restivity measurements show that. for practical purposes
fluorocarbons are non-conductors of electricity and hence would be suit-
able for use in combating electrical fires.

A knowledge of the behavior of halogen compounds under con=
ditions favoring deccmposition is of intercst in the interpretation of
data relating to the toxicelogical properties and corrosive action.
Accordingly, several halogen-containing compounds were introduced into
8 flame resulting from the combustion of propane in air and the pro-
ducts of decomposition studied. A special burner was designed so that
the materials introduced and products formed could be quantitively
measured, The halogen compound was : “jected to the flame in either
of two ways. The halogen campound w  first premixed with the propane
stream before burning or the air str.am before burning. Considerable
soot was formed except when carbon tetrafluoride and sulfur hexafluoride
were used. Then only trace amounts were noted, The amount cof soot
obtained was always a little less than the amount of carbon present in
the halogen compound introduced, This suggests that soot formation arises
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ethane arc about equivalent in effectiveness,

Unsaturated compounds were found,in general, to be ineffective
ir decreasing the flammability of mixtures of air and n-heptane. Howcever,
2,2=1flucrovinyl. bromide (CF, = (HBr) was found to be unexpectedly
effective. [he peak in the flammability curve was 9.7%.

Tetrafluorccthylene was found to be flammablc in air. The lower
linit of flammability lies between 16.0 ard 16.3% and the vpper limit
between 43,0 and 44,08, Thesc limits are for the upward propagation of
flamcs. The flames resulting from combustion of mixtures whose compositions
wore in the region of the lower limit were pale blue in color and no
smokc was present. The flames resulting by burtiing mixtures of tetra-
fiuoroethylene and air having a composition in the region of the upper
iimit of flammcbility were red and much soot was formed.

Mixtures of n-heptane, air and nitrogen trifluoride were found
to be explosive when ignited. The viclence of the combustion reaction
was increased as the percuntage of nitrogen trifluoride was increesed to
70% where further testing was stopped. These results were unexpscted since
nitrogen trifluoride is a stable compound and relatively inert, As a
result of these tests it was ooncluded that nitrogen trifluoride was of
no further interest as a fire extinguishing material.

The (perfluorcalkyl}benzenes, benzotrifluoride, bis(trifluoro-
methyl) benzenes and l-(pentafluorocthyl)-4-(trifluoramethyl)benzenes,
were eliminited from further consideration when they were found to be
flammablie, The ring halogenated derivatives of these compounds were not
studied because of their low vapor pressure.

Weight Effectiveness vs. Molar Effectiveness. The method used
for the determinztion of the flame extinction properties of halogen-
containing compounds is based upon the volume percentage of the agent
in a mixture of vapors. While this procedurc provides a convenient
means for evaluating the compounds and correlating the results, the weight
effectiveness becomes significant from an economic viewpoint since these
materials are usually sold on the weight basis. It is also important to
consider the weight of material required for fire protection. In general,
this point is more significant in cases where aircraft is concerncd than
in other cases.

A comparison is made in Table II between the weight effectiveness
of a halogen compound as a fire extinguishing agent and the volume -ffective-
ness of these same compounds. The following equation was used in cal-
culating the weight of halogen compound equivalent to the volume percentage
of the halogen compound at the peak in the flammability curve, Grams of

1 =

inguisher %g%&_%%s x Mol, lit, of Extinguisher x Vol.& Extinguisher at
Peak. The calculations are based on 100 liters of gaseous mixture at
0°C. and one atmosphere of pressure. It will be noticed that some com-
pounds winich have o low flammability peak are found to be less effective
on a weignt basis than others with a high flammability peak and vice versa.
It is interesting to note that on the volume basis, thirty-one of the
compounds tested are better than methyl bromidej whereas, on a weight basis,
only eight compounds are more sffective than methyl bromide,
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17.

SUMMARY OF (OMPOUNDS EVALUATED AS FIRE EXTINGUISHING AGENTS
(Room Temperature)

Gompound

Formula
CBryF,
CBigF . .
CF3CHBrCH

CBI‘F;CB!‘Fz

CF,ICF,I

CF5CF,1
CF3CH,CHBr

CH3CH,I
CF (¥ ,Br
CH,l
CBrF;

CH ;G ,Br

CHoBrCFCH,
CCLF ,CHBrCH 3

mBraF

Order of
Effcctive~

ness
Extinguishep,g.* Vol. Wt,

Peak in
Flammability
Name Curve, %
Dibromodifluoramsthane 4e2
Tribmorlugrmthme he3
2-Bromo-1,1,l1-trifluoro-
propanc 4he9
1,2-Dibromotetrafluoro-
ethane L.9
Tetrafluoro-l,2-diiodo-
ethane 5.0
Dibromomethane 5.2
Penta fluoroiodoethane 5.3
3~Bromo=-1,1,1-trifluoro~
propane 5.4
Ethyl iodide 5.6
Bromopentafluoroethane 6.1
Mcthyl iodide 6.1
Bromotrifluoromsthane 6.1
Ethyl bromide 6.2
1-Bromo-2,2-difluoro-
propane 6.3
2-Bromo-1l-chloro-1,1-
difluoropropane SNA
Dibromoflucromethane 6.4

basis basi
1 r'4

39437

51,96 2 17
38.7 3 4
56487 booo22
79,01 5 37
L0.39 6 7
58.19 7 26
12.67 g 1
39.00 9 5
54,16 0 18
38.67 1 3
40,57 12 8
30.15 13 1
L4, 69 13
55.38 15 2
54.85 16 19

% These values were obtained by calculations assuming 100 liters of gascous

mixture at 0°6. and one atmosphere of pressure.
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Table 11 (Continued)

S o ———

Order of
Peak in Effective=-
Compound Flammability ness
Formula Name Curve, # Extinguisher,g.* Vol. Wt,
- basis basis
CBrF,(HaRr 1,2=-Dibromotetrafluoro-
ethane 6.8 68.0 17
CF3CHZBr 2-Bromo-1,1,l=-trifluoro-
¢ethane 6.8 49.66 B 16
CaFs Perfluoroheptane 7.5 129,91 26 49
CeF11C;F¢ Perfluoro(ethylcyclo-
hexane) 6.8 121.42 19 46
1,3-CgF1o (CFg) 2 Perfluoro(l,3~-dimethyl-
cyclohexane) 6.8 121,42 26 47
1,4-C¢Fyo(CF3)2 Perfluoro(l,4~dimethyl-
cyclohexane) 6.8 121,42 21 48
CF3I Trifluorciodomethane 6.8 59.5 2 27
CH,Br(d,C1 1-Bramo-2-~chloroethane 7.2 45.69 23 4
CC1F(M,Br 2-Bromo-l1-chloro-1,1-
difluorovethane 72 57.69 2 24
Ce¢Fq11CF; Perfluoro(methyl-
cyclohexane) 7.5 117,18 25 45
CHpBrCl Bramochloromethane 7.6 43.93 27 12
CHBrF, Bromodiflucoromethane 8.7, 49,12 28 15
CClF,CCl,F 1,1,2-trichlorotri-
fluoroethane 3.0 75.3 29 136
CBrCl1F, Bromochlorodifluoro-
methane 9.3 68.71 0 31
HBr Hydrogen bromide 9.3 33.62 31 2
(H,Br M=thyl bromida 9.7 41.13 32 9
CF,=CHBr 2,2-Difluorovinyl bromide 9.7 61,92 33 28
n-CyFyo Perflucro n-butane 9.8 104,12 3 44

* These values were obtained by calculations assuming 100 liters of gaseous

mixture at 0°C. and cne atmosphere of pressure,
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Tabtle II (Continued)

L)

Order of
FPeak in Effectivenesas
Compound Flammability Vol. Wt,
Formula Nape —Curve, $ Extinguisher.g.* bdsis bésis
5iC1,, Silicon tetrachloride 9.9 75.1 35 35
CBrF2CBrClF 1,2-Dibromo-2-Chloro-1,
1,2-trifluorcethane 10,8 133.5 % 50
CCIPgCCIF, 1,2-dichlorotetrafluoro-
ethane 10,8 82,4 371 0
CClL,, Carbon tetrachloride 1.5 79.0 3B 38
CF 5CHC1CH 2-chloro-1,1,1-tri-
fluoropropane 12.0 70.99 3% 33
CF3CH,(H,Cl 3-chloro-1,1,1-tri-
fluoropropane 12.2 72.16 4 34
CClF, Chlorotrifluoromethane 12,3 57.38 4 23
CF4CF3 Hexafluoroethane 13.4 82.55 L2 K
CC1,F, Dichlorodifluoromethane 14,9 80.4 43 39
GiCl, Chloroform 17.5 93.3 b 42
HF 4 Trifluoromethane 17.8 55.6 45 2
QiC1F, Chlorodifluoromethane 17.9 69.1< 32
CuFs Octafluorocyclobutane 18.1 161.61 47 53
SF¢ Sulfur hexafluoride 0.5 133.6 48 51
BF, Boron Trifluoride 2.5 62,05 4 29
PCl; Phosphorous trichloride 22,5 138 5 52
HC1 Hydrogen Chloride 25,% L1.55 51 10
CF, Carbon tetrafluoride 26 102.1 52 43
CO, Carbon dioxide 29,5 57.94 53 25

* These values were obtained by calculations assuming 100 liters of gaseous

mixture at 0°C, and one atmosphere of pressure,
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Effect of Temperature. The effect of temperature upon the
coordinates of the peak in e flammability curves and the flammable

areas was determined, Since it was desired that cne of the temperatures
be at least as Jow as -50°C, it was necessary to choose materials for
this study whichhave a vapor pressure at-50°C. sufficiently high to
obtain mixtures having the desired concentrations, as the test procedure
is based upon the measurement of the flammability of a mixture of vapors.
Methane was investigated first as the flammuble material, but it was
observed thet the flsme was not always luminous. Isobutane was found
to be satlsfactory in sll respects as the flammable material, Methyl
oromide, bromotrifluorcmethane and chlorotrifluoromothane, sulfur hexa-
fluoride and carbon tetrafluoride were chosen for use as the flame
inhibitors.

The apparatus used was similar to the one previously described
except that the combustion tubes were i‘zmersed in a constant temperature
bath as shown by photograph in Plate I and by diagram in Figure 4. The
Pyrex combustion tube (A) was 51 mm. inside diameter and 120 om. long.

The rubber stopper (B), held on by atmospheric pressure, seaied the upper
end of A. The lower end of A was connected by means of 8 mm. Pyrex tubing
(C) to the gas mixing system. The upper end of A was connected to the gas
alxing system by means of E, The gas mixing system consisted of the
mercury piston (G) and the one-way check valves (F). Thus, when the mer—
cury rose and fell in G, the gas mixture in A was circulated and thoroughly
blended into a homogensous mixture. Relay (J) and solenoids (I, and I)
controlled the pump action in G by regulating the flow of canmpressed air
into the mercury reserveir (H). Tube A was connected to the manifold (L)
through stopcocks (D and Ns5). Manometer (M) was used ‘o measure the
pressure in A, A vacwum pump and sources for dry air, fuel, and halogen
compound were connected to L thiough stopcocks (Ny, N3, N3, and N
respectively). The electrodes (0O) used for ignition, were made of number
29 gauge platinum wire and were connected to the high voltage tcrminals

of a Model-T Ford induction coil (not shown), The constant temperature
bath (P) was constructed of one-sixteenth inch sheet copper and was lagged
with 1.5 inches of magnesia (not shown). For elevated temperatures the
bath was filled with o0il which was heated by 250-watt nichrome wire
ismersion heaters {not shown). For low tempePatures, the bath was filled
with trichlorocethylene and cooled with pry I=e.

The apparatus was operated as follows: Tube A was evacuated by
the vacuum pump by closing and opening appropriate stopcocks, Fuel, ex-
tinguisher, and dry air were introduced in order of increasing vapor
pressure. The composition was calculated from the partial pressure of each
component as noted on the manometer (M). Clamp (Q) was opened and the
pump (G) was allowed to operate until thorough mixing had occurred. The
mixing time was detemined by several preliminary runs. After mixing,
the mixture was fired and a positive result was recorded if the flame
traveled the whole length of the tube A. Before the next run the system
was flushed with air by opening stopcock K.

Coordirates for the peak in the flammability curves for mixtures
of the halogen compounds with air and isobutane at -78°C., +26°C. (room
temperature) and +145°C. are summarized in Table III. The flammable arsas
at -78°, $#26° and +145°C. are shown in Figures 5-18 inclusive. The order of

effectiveness, based upon the amount of h&logen compound in the mixture, is
%gsC. as at +26°C. The order

the same at - s as follows.
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F/G. APPARATUS FOR THE DETERMINATION OF
FLAMMAB/ILITY LIMITS AT VARIOUS TEMPERATURES

i Figure 4
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Temperature, °C.

Table II1

EFFECT OF TEMPERATURE ON THE PEAK IN
THE FLAMMABILITY CURVES

-78 +26 *1L5

Peak in flammability Peak in flammability Pesk in flammability

curve curve curve
Halogen Halogen Halogen Halogen
CB!‘P:; 3.25 ‘0.5 l«n? 1006 7'3 h.O
i 3Br 3.75 3¢5 6.75 40 8.3 4,0
CClF;; 8. 25 3.5 10.75 10-25 120 B l‘lo
SF 12.75 5.0 15.75 5.0 17 5.5

o tam
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1. bSromoctriflucramethanc
2., methyl bromide

3. chlorotrifluoramethanc
4. sulfur hexafluoride

5. carbon tetrafluoride

At 145°C, the order of decreaaing cffectiveness is bromotriflucramethance,
methyl bromide, chlorotrifluoromethane and carbon tetrafluoride.

As shown in Figures 5-0, the curves defining the flammatle arcos
at -78°C. are quite irregular. The flammable arca for mimturcs of eir,
chlorotriflucorum:thane and isobutanc is uniouc since it is divided into
two regions. None of the mixtures conteining 2% chlorotrifluoromethane
burtied. There is a constriction in the flasmable area for mixtures of
bromotriflucramethane, isobutzne and air at 1% bromotrifiuoromethane. There
is a slight indentation in the curve sho~ing the flarmable area for mix-
tures of carbon tetrafluoride, isobutane znd alr. There is no evidence
of such phenomena in thc carves showing the flammable areas with the other
halogen compounds. Likewise there is no evidi.nce of such a constriction
in any of the flammable areas dctermined at room temperature using heptane
as the flammable meterirl, Since a zone of non-combustion was found to
exist with isobutane and chlorotrifluoromsthane at low temperatures, the
region above the peak in the flammability curve for mixtures of zir,
chlorotriflucromethane and isobutane at +26°C, was cxplored to detormine
whether a second [lammable aree could be found, No area of combustion was
found even with concentrations of L0¥ chlorotrifluoromethanz. With one
exception, the data in Table III support the hypothesis that the percentage
of halogen compound in the mixture of air, flammable meterial and halogen
coampound at the peak in the inflammability curve increases as the tem-
perature increases. Carbon tetrafluoride appears te be more effective in
reducing the flammability of mixtures of air and isobutane at 145°C. than
at 26°C, or at -78°C.

Effect of Flamnatle Materials. This rescarch project was
undertaken to find a superior fire extinguishing agent for use in combating
fires resulting from flammable liquids and/or electricity. Early in the
research crogram, it wos demonstrated that, in general, the types of materials
being investigated for possible fire extinguishing agents were nonconductors
of electricitylo, 3ince heptanc vapors were used in the cvaluaticn
studies, it seemed wise to undertake a project to determine whether or
not a parallel rclationship exists between the zbilities of halogen con-
taining compounds to reduce the flammzbility of mixtures of air and heptane

and mixtures of air #ith other flarmable materials. Fontane, benzene,
ethanol, dicthyl ether, acetcne and ethyl acetate were chosen as the
combustibles after o consideration of availability and voelatility as well
as flammability. Methylene dibromide, ethyl bromide, methyl bromidsz,
sulfur hexafluoridc, cerbon tetrafluoride, and bromotrifluoromethane were
chosen as the fleme inhibitors. Thesc meterials w~ere chosen becauszs of
their availability and, on the basis cf previcus tests, because 3 vide
range of effectiveness is repr.sented by thuse materials. Dats are
sumnarized in T-ble IV which show the peak in the {lammability curve for
the various comtustibles mixed ith air and with the seleeted halogen
containing cempound.
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it can b. conciuded from the data in Table IV that a qualitative
parallel rclationship exists bet.een the abilities of halogen containing
compounus to reduce the flammability of mixtures of air and heptanc and
mixtures of &ir with other flammable matorials. Thesc points which rppear
to be more or less effective thar expected have been checked and found
to be accurate within experimentel error,

Effect of Binary Mixtues of Halcgen Compounds. Devclopments
hav. cmphasized the need for a fire extinguishing agent applicable for

1se &t temperaturcs ranging upward fram -54°C. (-65°F.). A single
raterial which could be used over the entire tcemperature range would be
desirable. One requiremcnt of such a material is that it have a vanor
pressurc sufficiently high at the low temperaturc to propel itself from
the container to the fire, The vapor pressure of chlorotrifluoro=-
methane (b.p. =78°C) 1s too low at =54°C. to carry the extinguishing
agent any appreciable distance from its container 22, Therefcre, it
Seems probable that a substance should have & boiling point ef -100*C.
or lower if it is to be i self-propelling fire extinguishing agent at
~54°C. Chemicals selected from a group of about ten thcusand arganic and
inorganic materials having a normal boiling point below -LOC°C. are
listed in T:ble V. An oxaimination of this list shows that those known
materials which may be of interest as a fire extinguishing agent are
limited to 2 small group comprising of helium, neon, nitrcgen, argoen,
krypton, nitric oxide, czrbon tetrafluoride, nitrogen triflucride and
Xencn.

Carbon tetrafluoride has been shown to be more effective with
respect to fire extinction properties than nitrogen. It is believed
that there is no great difference in effectiveness between nitrogen,
helium, neon, argon, krypton, and xenon. The choice would depend upon
performance tests, availability and economics.

Nitric oxide has favorable physical properties but its chemical
properties are unfavorable. One reaction may be summarized as follows:

The first reaction may be advantageous since oxygen is being consumed,

but the second reaction would be disadventageous because of the corro-

sive nature of nitric acid produced by the reaction of nitrogen dioxide
with water.

In view of thc relatively few compounds available with boiling
points below -100°C., it scems evident that a higher boiling substance(s)
will have to be used along with a propellant. Such a materizl should
have & freezing point below =54°C. and should be relatively non-viscous at
-54°C, If the fluild is a mixture of substances, the freezing point of
one or more of the components may be somewhat higher than -54°C,



Table IV

EFFECT OF FLAMMABLE MATERIALS

Halogen

Canpound cj"{zsrz CBI‘FJ CgH 51'51" CHyBr SFQ CF:.
Flammable
Materinls
CAlye 5.2 6.1 6.2 2.7 20.5 26
CSH12 6.8 6‘3 6.3 Blh 1908 20.!&
Cﬁ“ﬁ 7-3 lh 3 8,2 ‘0“_/ i8. 3 23.6
Czﬂsw 5.7 3-7 502 6-‘ 10-6 19.8
(CeHs)20 7.7 6.3 7.3 a2 21,8 22,4
CH 300CH 5 57 5.3 5.% 7.3 16.4 18,7
m3C02C2H5 1003 1&06 6.3 (‘*-8 17.5 21.16



Table V

HEMICALS BOILING BELOW ~100°C. AT NORMAL PRESSURES

Name

Helium

Hydrogen

Neon

Nitrogen

Carbon Monoxide
Fluorine

Argon

Oxygen

Fluorine Oxide
Methane

Krypton

Nitric Oxide

Carben Tetrafluoride
Silane

Ozone

Nitrogen Triflucride
Xenon

Ethylene

Baron Trifluoride

Formula B.P.,°C. M.P.,°C.
He -258.9 {-272
Ha -252,7  -259.1
Ne ~245.9 -248.7
N2 -195.8  -209.9
o ~192 -207
Fa -187 -223
A ~185.7 -189.2
0z -183 -218,4
F20 -167  -eeec
Gl -161.4 -182
Kr -151.8 =169
NO -151 -161
CF, -128 -184
Sit,  ~112 -185
03 -112 -251
NF 1 -110 -210
Xe -109 -140
Cola  -103.9  -169
BFs -101 -127

4
2 Flammable
20
28

28 Flammable,hizhly
toxic

38  Extremecly reactive

40

32  Supports ccmbustion

5, Believed highly toxic

16 Flammable

8L

30

88

32 Ingnites spontaneously

L8 Favors combustion
I

1
28 Flammable

68 Hydrolyzes resadily
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The possible need for using a mixture of compounds for a fire
extinugishing agent was mentioned in the preceding paragraphs. Accord=-
ingly, research was initlated to determine the effuctiveness of binary
mixtures of halogen enntaiming compounds in decreasing the flammability of
mixtures containing n-heptane, alr and halogen compounds. Datu ebtuined
in this preliminary study arc summarized in Table VI, These data in-
dicate that in certain instances the use of & mixture of halegen-containing
compounds 1s advcntagecus,

In subsequent studies pentane was used as the {lammablo material
to avoid certain irregularities in the data believed to result from the
condensation of the heptane from the mixture. The concentration of
cambustible material was maintained constant in this study. Pentane
concentrations of 2.5, 4 and 6¥ were used with each mixture of halogen
campound., The dataare plotted in Figures 19-36 inclusive. The straight
line in each plot represunts the curve cxpected if the relationship between
the fleme inhibition activities of the two cxtinguishing agents were
aritnmetical., Mixtures of ¢thyl bromide and methyl iodide follow this
line at a pentane concentration of 4% {Fig. 26). At a pentane con-
centration of 2,5% (Fig. 25) the curve lies belew the line for mixtures
of ethyl bromide and methyl iodide containing 65-100% ethyl bromide,
indicating that the misture in this region is more effective than cal-
culated., Tre curve lies above the line for mixturess containing from
35-1004 methyl iodide (0-65% cthyl bromide), indicating that in regions
the mixture 4s less cffective than calculated from the consideration
of the effectiveness of the two components, At a pentane concentration
of 6% (Fig. 27), the entire curve lies below the straight line. At
pentane concentrations of 2.5%, 4% and 6% (Figs. 28, 29 and 30), the
curves for mixtures of ethyl bromide and methylene chloride lic below
the straight line, indicating a synergistic effect in all pentane con-
centrations of this binery mixture of halogen campounds. This is the
only mixture investigated which shows enhancement of effectiveness ir all
concentrations of the hydrocarbon. A summary of the effect of the mix-
tures is given in Table VII,

The evaluation of mixtures of carbon tetrachloride and
trichloroethylene was performed, in responsc to a request from repre-
sentatives of FRDL. This reguest was made since a mixture comprising
704 carbon tetrachloride and 30% trichloroethylene has been recammended
for use as 2 fire oxtinguiuvhing fluid. In gZeneral on the basis of t:osts
with pentane, it can be statcd that a mixture comprising 70% carton
tetrachloride and 30% trichloroethylene are not the most effective that
can be obtained by mixing the two compounds. In choosing the composition
of such a mixture consideration must be given to economic factors and
freezing point characteristics as well as effectiveness. Should the
70- composition represent the optimum from the cost consideration
and the freezing point characteristics, then a sacrifice in effectiveness
may be justificd.
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Table VI
EFFECT OF BINARY MIXTURES OF HALOGEN COMPOUNDS IN
DECREASING THE FLAMMABILITY OF MIXTURES CONTAINING
AIR AND n-HEPTANE

(% CHaBrp = € Compound A)

Peak in F bility Curves

Mixture
Compound A CHoBr, ., % Compound A,% Cbs. Calc.*
CBrF 5.2 L3 5.3 4.8
CeFy1C;Fs 5.2 €.8 Sels 6.0
CH 5CH Br 5.2 6.2 5.7 5.7
CCl, 5.2 11.5 7.2 8.4
CHC13 5.2 17.5 9.3 11.4

* Calculated Vailue = £ (H.Br, + § Compound A

2
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Table Vil
BINARY MIXTURES OF HALCGEN COMPOUNDS

Mixture Pentanec, $ Effect
) CH 3Br=SFy 2.5 Synergistic over 40 to 10C¥ SFg3 less
effective over other concentrations
4.0 Synergistic over entire range
6.C Synergistic over entire range
M 3Br-CuFyo 2.5 Tess uffective than calculaved over

entire range

4.0 Synergistic over entire raige
6.0 Synergistic over entire rangc
CH 4Br-C H<Br 2.5 Less effective than colenlated
. C(H3I-CoH By 25 Synergi~tic for CplisBr concentrations

of 65-100%; less effective than cal-
culated at other concentrations

. 4.0 Follows curve calculated
6.C Synergistic over entire range
H,C1,-CoH sBr 2.5 Synergistic over entire range
4.0 Synergistic over entire range
5.0 Synergistic over entire range
CC1F3-C,d 5sBr 2.5 Synergistic at CClF, conerntrations of
55-100%3 less effective at other
concentrations
4.C Syncrgistic at CC1Fj3 concentrations
of 40 to 100%; less effective at other
concentrations
- A.0 Follows calculated curve 7% to 100%3
. less effective ot other concentrations
€Cly=CC1,=CCIH 2.5 Synergistic for CCl, concentratioas
! of A-100%3 1lcss cifective at other
concentrations,
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Table VII {Continued) -
Mixture Peatane, ¥ Effect
4 Synergistic for CCl, concentrations

of M to 100%! less effective than

calcuinted at CCl, concentration

of 2B-70% and synergistic at con- :
centration of O Lo 24% CCl,. i

6 Less effective 2t concentrations
of CCl, fr-r 45-100f3; More or as
effective iur CCl, concentrations
of O=-4L5%.
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6.

Effoct of Pressure.As scntinuation of a study of the effect
of variables on the flamma'le 1imits of mixtures containing air, n-heptane
and a halogen compcund, the {lammable areas at subatmospheric pressures and
at room temperature were determined for these mixtures wherein methyl
bromide, triflucromethyl bromide, and dichlorodiflupromethane were used
as the halogen compounds. The areas obtained at pressures of 200, 300,
400 and %00 mm. Hg. pressure are shown in Figures 37-48, inclusive. Data
shewing peaks in the flammeble aress are summarized in Tzble VIII. For
mixtures containing methyl bromide as the flame inhibiting agent 1t can
be seen that not only is the flammability peak lowered with 2 decrease
or incresse in pressurc from 4OC mm. Hg. vt that in general t,hc
flarmable area lies within the area found at 40O mm. Hg pressurs. But
vhen triflucromethyl bromide was used as the flame inhibiting agent the
peek in the flammability curve was essentially the seme at 300, 400 and
50C mm. Hg pressure and lower at 200 mm. Hg pressure, In the ctase of
dichlorodiflucromethane, the peaks are equivalent at 300 end 4OC mm. Hg
pressure and lower a2t 200 and 500 mm. Hg pressure,

These examples are too few to warrant drawing any conclusions
concerning thc effectof pressure on the flzmmable zreas.

Stability Tests

Specifieations of the desired fire extinguishing fluid rcquire
a compound stable under any climatic condition for long periods of time.
An aceeleorated test is desirable im a program in whieh a number of con- .
ditions was used in predicting the behuvior of the.cozmpounds when :
stored, Iron, copper, aluminum, trass and magnesium were chosen for
use in these studies because they are commonly encountered.in materials
of construction.

Stability at Reflux Temperature. Tests were conducted to show
the stability of halogen compounds being investigzated to iron filings,
alutinum powder ané copper powder, The experiments Were conducted
as follows: A 10 ml. szmple of halogen compound was refluxed ~ith the
finely divided metal for 100 hours. The liquid was then tested for un-
saturation with a sciution of pot$ssium permanganate in acetone and the
aqueous extract for halide ions using the zirconyl-alizarin "Red S
test for fluoride ion and aqueous. silver nitrate for bromide and chloride
ions. The test was followed with arother in which 10 ml. of distilled
water was added to the mixtures of organic compound and metzl and the
resulting mixture refluxed tor 100 hours. Tests for halide ions and
unsaturation were carried ocut as described previously. The results or
these tests are sumnarized in Table IX. The data show that in general
the compounds arc quibe steble to both iron and copper undar tne con-
ditions of tlhie test. Decomposition was observced with wet bromochlorow
mcthane, (not shown in Table IX) l-bromo-2-chlorcethane and carbon
tetrachloride in contact with both iron filings and copper powder.
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Table VII1
THE EFFECT OF PRESTURE ON THE PRAK IN THE FLAMMABILITY CURVE

n Flammability
Lompound Pressure, m. g Qurve.t lisjogen Conpound

o e
9.7
7.2

4.3
6.1
6.1
6.3

CBrF 3

CC1,F, 1.
11;.9
1.

13.
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Table IX

83.

CORROSIVE ACTION OF HALOGEN COMPOUNDS AT REFLUX TEMPERATURE

Compound

Perfluorcheptane
Copper Powder
Aluminum Powder
Iron Filings

Perfluoroethylcyclo-
hexane
Copper Powder
Aluminum Powder

Iron Filings

Perfluocreo-1,4~-dimethyl
cyclohexane
Copper Powder
Aluminmm Powder

Iron Filings

Perfluoromethylcyclo-
hexane
Copper Powder
Aluminum Powder

Iron Filings

Perflucrorapghthalanz
Copper Powder
Aluminum Powder
Iron Pilings

Perfluoroindane
Copper Powder
Aluminum Powder
Iron Filings

Carbon Tetrachloride
Copper Powder
Aluminum Powder
Iron Filings

Dichloromethane
Copper Powder
Aluminum Powder
Iron Filings

1-Bromo=-2-chlorcethane
Copper Powder
Aluminum Powder
Iron Filings

+ Indicates positive tests} - inaicates

"(TIME, 100 HOURS)

————bDllYdrous
Unsatn, Halide Jons

Hydrous —
Unsatn, Halide Ions

- +
-

-

- -

-

+* +*

* *

+ +

negetive tests.
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Another serics of tesats were conducted in which carbon tetra-
chloride (with and without an inhibitor) and bromochlorcmethane were
treated in the following manner: A mixture comprising 15 ml. of the
test compound and 15 ml. of distilled water was refluxed for 100 hours
in the presence of polished and weighed strips of copper, aluminum and
iron. The results of these experiments are summarised in Table X. These
data indicate that carbon tetrachloride 1s more corrosive to copper and
iron than bramochloramcthane, In all three cases the co..ainum strip
was consumed.

Stabllity at Elevated Temperatures. A series of experiments
were conducted which the test compounds were heated in contact with
strips of metal at 392°F. (200°C.). Only the materials holling above

about 50°C. were used in this study and these compounds wore chosen
to show the effects, 1f any, of structural relationships on instability.

The procedure used in this study was as Pllows: Polished and
welghed strips of the metal and 20 ml. of the halogen compound were
sealed in ampoules (Carius tubes). The tubes were insertsd in iron
pipes which, in turn, were placed in an oven heated at 392°F, After
30 days, the tubes were allowed to cool to room tcmperature and then
opened. The physical appearance of each strip was noted. After re-
moving coatings from the strips which had corroded, the strips were
reweighed and changes in weight compared with the original value were
recorded, This study was initiated to show the stability of halogen
compounds to aluminum, copper and iron, common materials of construction.
After this study was initiated it was requested that brass strips be
sutstituted for copper strips. Deta are summarized in Table XI.

Compounds si.owing marked instability to the metals at 392°F,
were heated in comtact with the sesme metals at 200°F, In addition,
experiments were conducted in which the halogen containing compounds
were heated in contact with magnesium ribbon at 200°F, Data from these
experiments :re summarized in Table XII. Experiments with magnesium
deviated from the experiments with the other metals in one respect, namely,
after two uecks at 200°F, the ampoule was removed from the oven, cooled
to room tempeprsiure, and the ¢ontents examined visually., Those ampoules
in which there was little or no attack on the magnesium were returned
to the oven for a second period of heating.

The compounds have been divided into four groups, according
to the weight change in the metal. Group A contains those compounds
in which the wecight change was less than 0.01 g« Group B contains
those compounds in which the weight change was botween 0,01 and 0.1 g.
Group C contains those compounds in which the weight change was groater
than Q.1 g. and less than camplete cunsumption of the metal. Group D
contains those compounds in which the metal was completely consumed,
The stabllity of halogen-containing compounds toward metals according
to these classifications are summarized in Table XIII. Data show that

RPFCLB b Th

s e

- ———
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Table X

CORROSIVE ACTION AT REFLUX TEMPERATURE, UNDER AQUEOUS CONLDITIONS
(TIME = 100 HOURS)

Weight of Mstals, g. Change in Welght
Campound Original Final Re £
Carbon Tetrachloride
Copper 1.8449 1.7271 -0.1178 7
Alwminum 1.2891 00,0000 -1,2891 100
Iron 34522 24549 =0.9973 29

Carbon Tetrachloride
(with inhibitor)

Aluminam 1.2921 0,0000 -1.2921 100

Iron 3,2768 2.1348 =1.1420 2
Bromochloromethane

Copper 1.7705 1.7652 -0.0053 nii

Aluminum 1, 3454 0.,0000 ~1.34L54 pve

Iron 3.4169 2,8851 =0.5308 1¢




Table XI

STABILITY AT 392°P. (200°C.) FOR 30 DAYS

Weight of Metals, g.

Sompound

Carbon Tetrachloride
{with inhibitor)

Copper
Aluminum
Iron

Carbon Tetrachloride
(without inhibitor)

Copper
Aluninum
lron

Dichloromethane
Copper

Aluminum
Iron

Bromochloromethane
Copper
Aluminum
Iron

Dibromomethene
Coprer
Aluminum
Iron

1,1,2-Trichlorotri-
fluorcethane

Copper
Aluminum
Iron

1-Bromo=2-chloroethane

Copper
Alvminum
Iron

1,2-Dibromotetrafluoro-
ethane
Copper
Aluminum

Iron

1.8297
1.1894
3.0947

1.7005
1.4000
2.8319

1.7005

1.4190
3.1027

1l.8078
1.1758
2.7196

1.7856
10182&
3.2240

1.8443
1.1920
3.0530

1. 7457
1.4380
322N

17443
l.U¢65

2.%&

Original Final

i

0.CO00
1,3567
2,7562

0.0000

1.3393
3.0785

0.0000
0.6501
2.7351

0.0000
0.7041
3.1121

0.9085
1.1920
3.0530

0.7720
1.3188
3.1582

1.5442
0.0000

2,9043

Change in Weight

"1 » 8297
-3-09‘&7

-1. 7005
=0.0433
-0,0757

'1-7005

=0.0197
=0.0242

'lo m?e
-0.5257
40,0156

'1‘ 7856
-0.4783
-0.1119

-0.9358
0.0000
0.0000

-0.9727
-0.0289

=0.2001
-l-“;b5

~0.0037

- 100 -

=100
=100

~100
-40
=3

-51

-60
-8
-1

-11

nil

Appearance

Completely corroded
Completely corroded
Completely corroded

Completely corrodec
Gray coating
Black coating

black, completely
corroded

black coating
black coating

Completely corroded
Corroded
Red coating

Campletely corroded
Corroded
Red coating

Gray coating
Slight discoloration
Slight discoloration

Black coating
Black coating
Black coating

Gray coating
Gray,completely
corroded

Black coating
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Table XI (Continued)

STABILITY AT 392°F. (200°C.) FOR 30 DAYS

Weight of metals, g. Change in Weight
Compound Originel __ FPinal __ g. X Aprearsnce

5-Bromo-1,1,1-tri-
fluoropropane
Copper 1,7581 1.6965 -0.0616 -3 Gray coating
Alminum 1.2280 1,2280 C.0C0 0 No discoloration
Iron 3-1935 3.18,1  -C.0C%% nil No discoloration
2-Bromo-1,1,1-tri-
fluoropropane
Copper 1.6717 1.5705 -0.1012 =6 Black coating
Aluminum 1.39 0.0000 -1.3970 O Campletely corroded
Iron 3.2663 3.2510 =0.,0153 nil Black coating
Brass 3.5531 3.5198 -0.0333 =1
Perfluoroheptane
Copper 1.6055% 1.6055 0.0000 0 No change
Aluninum 14428 1.4601 40,0173 0 Slight tarnish
Iron 2.'7258 2,7258 0,0000 0 No change
Brass 3.8199 3,8253 40,0054 nil
Perfluorogthyl cyclo-
hexane)
Copper 1.6861 1.6861  0.0000 0 No change .
Alwminum 1.4149 1.43R7? +0.0178 0 Slight tarnish
Iron 3.1050 3.1050 0.000C 0 No change
Brass 4,0718 4L.0772 +0.0054 nil
Perfluoro(l, 3-dimethyl-
cyclohexane)
Copper 1.56838 1.6854 +0.,0016 nil Slight tarnish
Aluminum 1.3945 1.4041  +0.0096 Slight tarnish
Iron 2.8250 2.8256 +0.0006 nil Slight tapnish
Brass 440095 4,0112 +0,0017 il
Perfluoro(l,4~dimethyl-
cyclohexane)
Copper 1.737 1.7371 0.0000 0 No change
Aluminum 1.3883 1.4062 +0.0179 51ight tarnish
Iron 3.1313 3,118 +0,0005 nil No change
Brass 3.907% 3.9094 +0.0024 nil
Perfluorchethyl-
cyclohexane)
Copper 1.62r9 1.6209 0.0000 0 MNo change
Aluminum 1.48°4 1,5062 40,0234 Slight tarmish
Iron 2.9908 2.9908 C.0000 0 HNo change
Brass 3.8367 3.8424 +0.0057 nil
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Table XI (Continued)
STABILITY AT 392°F. (200°C.) FOR 30 DAYS
Weight of Metals, g. (Change in Welght

Compound Original Final 2. g Appeararcc
Perfluoronaphthalane

Copper 1.7350 1.7350 0,0000 0 No change

Aluminum 1.4029 0.,0000 =-1.4029 =100 Black,cuampletuly

corroded

Iron 209379 2.9379 0.000C 0 Mo change
Perfluorcoindane

Copper 1.6678 1.6678  0.0000 0 No discoloration

Aluminum 1.4031 1.4175 +C.01l44 +1 Black coating

Iron 3.8083 3.8083 0.0000 0 No disroloration
Methyl bromide

Copper 1.8437 1.8698 +0.0261  +1 Slight discoloration

Alunimm 1.2145 1,2145 0.0000 0 No discoloration

Iron 2, 8084 2,810 +0.0046 nil Slight discoloration
Trifluoromethane

Copper 1.78% 1.78%0 0.0000 0 No diacoloration

Alumintm 12572 1.2572 0.0000 0 No discoloration

Iiron 3.1043 3.,1043  0,0000 O No discoloration
Bromotrifluoromethane

Copper 1.8290 1.8398 +0,0108 +1 Slight discolorzticn

Aluminum 1.2101 1,2110 +0,0009 nil No discoloration

Iron 3.1116 3.1170 +C.0054 nil Slight discoloration
Chlorotrifluoromethane

Copper 1.8€25 1.8625 0.00C0 0 No discolorati:n

Aluninum 1.183%0 1.183%0 0.0000 0 No discolcration

Iron 2.9177 2,9M 0.0000 0 No discoloratior

b E ey gt
;
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Table XII
CORROSIVE ACTION AT 200°F, (92°C.)
Time Weight of Metals, g. Change in Welght

Sompound - Dave Qrdaipel .  Fine) g, X _ jDpearajce
Carbon Tetrachloride X
Coppe= 1.831 1,7821 -0.0510 ~3 Black =oating
Alumini 1.2198 0.6177 -0.6021 ~49 Black coating
Iron 303224 3.2718 -0.0%6 -2 Red coating
Prass 3.9153 3.9004 -0,0076 nil
Carbor. Tetrachloride 0
(with inhibitor)
Copper 1.8828 1.,5780 -0,3048 -16 Black coating
Aluminum 1.1596 0.0000 =1.1596 -100 Completely cor-
roded
Iron 3.3024 2.7677 -0.534,7 -14 Red coating
1-Bromo~2-chloroethane 0
Copper 1.7733 1.7485 -0.0248 -1 Black coating
Alumimgm 1.2397 0.0000 -1,2397 =100 Completely cor-
roded
Iron 3.2377 3.2255 ~0.0122 nil Black coating
Brass 3.9855 3.9779 -0.0076 nil
Magnesiun 0.9061 0.9177 +0,C116 1 Dull
2=-Bromo~1,1,1~-trifluerc~
propane 0
Copper 1.8174 1.8174 0.0000 0 No discoloration
Aluminum 1.3880 1,388 0,0060 0 No discoloratiorn
Iron 3,6006 3,6006 0,000 0 No discoloration
Brass 2.€6455 2.6444 -0,0011 nil
1,2-Dibromotetrafluorco- 20
ethane
Copper 1,8552 1.8552 0.0000 0 No discoloration
Alumimm 1.1781 1.1761  0.0000 0 No discoloration
Iron 3.4582 344582 00,0000 0 No discolomation
Brass 30&6’4 3.&)53 -0.001.1 nil
1,3~Dibramo=-2,2-diflucro- 32
propane
Copper
Aluminum 1.1061 1.1063 +0,0002 nil Bright
Iron 2,695¢ 2,6859 -0,0098 nil Corroded
Braas 3,7418 3.7012 =0.0006 nil Slighty dull
Magnesium 1,2002 1,2199 +0.0197 2 Dull, coatc!
1,2-Iibdotetrafluorocthane 14
Copper
Aluminum 1.3998 1.3843 <0,01%5 1 Dull, pitted
Iron 2.9675 2.8798 =0,0877 3 Dull, pitta
Brass 3.7823 3.7513 =0.0310 1
Magneasium 1.1434 1.2344 +0.C960 8 Dull, pitted
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Table XII (Continued)
CORROSIVE ACTICN AT 200°F. (93°C.)
Time Weight of Metals, g. Change in Welght

Compound Daysorigina) =~ Finsl g, X  Appearance
Ethyl Bromide a 2,042 2,3914 -0,0128 1 Badly corroded
Copper
Aluminum 1.1212 0.9076 -0,213% Badly eatmn
Iron
Brass 3.8040 3.7921 -0,0119 Corroded
Magnesium 1.1886 1.2760 +0.0874L Coated
Ethyl Iodide a
Copper 2.9471 2,904 -0,0167 Corroded
Aluminum 0.7314 0.1138 -0,6176 Eaten away
Iron
Bfuss 3.4665 34413 -0.0252 Corroded
Magnesium 1.2098 1.2628 +0,0530 Coated
Perfluoroheptane 27 0.8763 0.8803 +0,0040 Shiny
Perfluoro(methyl-
cyclohexane) 27 0.8368 0.8420 +0.0052 Shiny
Perfluoro(ethyl-
eyclohexane) 2T 0.8763 0.8803 +0,0040 Shiny
Perfluoro(l, 3-di-
Perfluoro(l,4-dimathyl-
cyclohexane) 27  0.85% 0.8607 +0.0077 Dull
Perfluoronaphthalane 27  0.8383 0.8973 +.0C9%0 Dull

1,1,2-Trichlorotri-
fluoroethane 14 C.9140 0.93L6 +0.0208 Dull, pitted
brittle
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Table XIIX

STABILITY OF HALOGUEN-CONTAINING COMPOUNDS TO METALS
(Unless otherwise indicated, contact time = 30 days)

COMPOUND ALUMINUM BR/.SS COPPER IRON M,.GNESIUM
392°F 20°F 392°F 200°F 392°F 200°F 392°F 200°F 392°F 200°F
Halocarbons
CaFyy B ~ A - A - A A3
CsFy1CF 3 B - A - A - i - - A3
CeF11CF,CF B - A - A - A - - A3
1,304Fy0(CF3)z B - A - A - A - - A3
1,4-C¢F10{CF3), B - A - A - A - - a3
C] °F| 8 D - - - A - A - - A3
CC1,FCCLF, A - - - c - A - - B!
CBrF,CBr¥, D A - A c A A A - -
CFRICF,I - cr - B - - - B! - -
CCls B c - B D B B B - -
Halohydrocarbons

CFCH, (H,Br A - - - B - B - - -
CF3CHBr(CH 4 D A, B A c A B A -
CHpBrCF,(H ;Br - A - A" - - - B* - B4
CHBriH,C1 c D - A c B c B - B
CHaBrCl c - - - D - B - - -
Gi,Br; c - - - D - c - -
CHaCl, B - - - D - B - - -
CH;,(H;B:‘ - c2 - B? - - - c2 - P2
CH,CH,T - ¢ - B2 - - - c? - B2

1 Contact time = 14 days

N

contact time = 11 to 15 days

Contact time = 27 days

W

Contact time = 32 days
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the compounds are less sable toward aluminum than to either brass, copper,
iron or magnesium., There appears to be no significant difference between
the stability of these compounds to brass and to copper. The compounds
are most stable to iron.

As a class of campounds, the fluorocarbons are the most stable
of the compounds investigated, and the monochaloalkares the least stable.
The halohydrocarbons containing halogen atoms on adjacent carbon atoms
were less stable than tne halohydrocarbons containing halogen atoms
in the 1-3 position. This is illustrated bty the fact that 2-bromo-
1,1,1-trifluoropropsne was less stable than 3-bromo-1,1,l-trifluoropropane.
This type of instability is to be expected, since dehalogenation is one
of the expected reactions between a metal and a halobydrocarbon. This
reacticn occurs more readily when the halogen atoms are on adjacent, carbon
atoms than when there is a carbon atom between the twe carbon atoms hold-
ing the halogen atams,

The halogen compounds proved to be more stzble to the metals
at 200°F. thanat 392°F. This was expected, since, in general, the rate
of a reaction doubles each time the temperdiurc is increased by 10°.
Carbton tetrachloride containing an inhibitor, was mere corrosive at 392°F
than carbon tetrachloride containing no inhibitor, Perhaps the inhibitor
decompused under the conditions of the tests,

Of the liquid compounds other than fluorocartons tested at 392°C,,
3-bromo-1,1,1~-triflucropropanc was the least corrosive while the carbon
tetrachloride containing an inhibitor was the most corrosive,

Resistivity Measurements

A meterial useful in extinguishing electrical fires should be
& non-conductor. Accordingly, apparatus was asscmbled for use in
resistivity measuruments., 4 Westinghouse Power Factor Cell (cell con-
stant 396) and a General Radio Megohm Bridge, type 544-B, Serial No. 842,
were available for use in making these measurements, Results of the
determination are summarized in Table XIV. Resistivity measurements
wgre limited to the fluorocarbons., The data obtained show that the
fluorocarbons tested are, for practical purposes, non-conductors and
hence would be suitable for use in combating c¢lectrical fires, It is
believed that the other compounds shown to be of interest as fire-
extinguishing agents are equally effective as insulators.

Attempts were made to determine the resistivity of bromotri-
fiucromethanc following the same procedure used x"gr the liguid fluoro-
carbons. Values ranging from 1 x 10'C to 1 x 10" were obteined. When
results were obtained whic¢h were variable the project wes discontinued
for lack of time. The data obtained indicate that bromotrifluorcmethene
is a non-conductor of electricity.

PSS A
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Table XIV

RESISTIVITY OF FLUORUCARBONS

. Qoapound g Resistivity, ohm cm.
Perfluordmethylcyclohexane ) 4 x 104
Perfluordethylcyclohexane ) 1 x 10"
Perfluoroindane 2 x 10"
Perflucro-n-heptane 2 x10'2
Perfluoromaphthalane 4 x 1073

e -
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Products of Decampogition

The major part of the study of [ire extinguishing agents at
Purdue University was concerned with the determinatidn of the flammable
limits of mixtures of air, n-heptane ond a halogen-containing compound.
A plot of these data on coordinate paper showed graphically the flammabtle
area for the three component mixtures, The peak in the curve defining
this flammable aréa serves as a measure of the f{iame irhibitien character-
istics of the compound in question.

A knowledge of the behavior of compounds under conditions
favoring decamposition is of interest in the interpretation of data re-
lating to the toxicological properties and corrosive action. For compounds
with favorable flame inhibition characteristics, this knowledge is also
cf interest in the advancement of the theoretical understanding of flame
extinction, Decomposition in (a) a flame, (b) *"hot zone" and (¢) electric
arc are of particular importance in a project relating to fire extinguishing
agents. Therefore, in the final phases of this investigation, attention
was directed to a study of the behavior of compounds chosen because of
their flame inhibition characteristicsunder these conditions.

Flame Decomposition Studies. The apparatus that was used for
the determinations of flammable limits was not suitable for a study of
the products of combustion because the quantities of materials involved
were 1nsufficient for a total analysis, Therefore, a combustion
apparatus was assembled as shown diagramatieally in Figure 41.

Compressed air was regulated by the needle valve 1 to maintain
a constant flow as indicated by the calibrated flowmeter 4. Propanc was
released from the cyclinder by means of the needle valve 2 to maintain
the desired flow as shown by the calibrated flowmeter 5. The fire re-
tarding agent was released by the needle valve from the cylinder 3 which
was of 20 =i, capacity. Flowmeter 6 was used to maintain a constant
gas flo¥ from cylinder 3; however, the quantity of retarding agent used
was detarmined by difference in weight of the cylinder beforc and after
the experiment. The burmer barrel 8 was the top of an ordinary laboratory
Bunsen burner, 10.7 cm. tall, 1.0 em. inside diameter, and wall thickness
of 0.1 cm. The burner was held in place by the piece of quarter inch
copper tube 7. The combusticn zone was at the top of the burner. The
mixture was ignited by means of the spark coil 14 and electrodes 7 and 13.
The flame can be observed through the small mica window 9 and the mirrcr
10, The large Pyrex test tube 11, 10 cm. in diameter and 18 inchss deep,
made an air tight seal with the rubber stopper 12. The chimney 15 was
made from a picce of stainless steel tube 14 em. long and 6 cm. in diameter.
The large goose-neck 16 was made of nickel tubing 4 cm. in diameter. Tho
bonds in the nickel tubing and nickel-stainless steel connections were
welded. The cheoice of the nickel tubing was arbitrary and based upon
material readily available. To aid in dismantling the apparatus for
cleaning, flanges 17 and 19 were provided with neoprene gaskets heid in
place by small bolts, The 2=liter, stzinless steel besker 18 containing

s e
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20 ml. of distilled water collected most of the soot and a large pro-
portion of the combustion products soluble in water. The water level in
13 must not be higher than the lower edge of 16 in order to avoid large
588 tubbles which would effect the flame at 8, The gas from 18 pasased

by means of the stainless. steel tube 20, 8 mm. inside diameter, into the
1-liter, stainless steel beaker 21 containing 600 ml, of distilled water,
The lower and of 20 at 22 had amall holes drilled ia the wella in order to
disperse the gas bubbles into a fine stream for thorough contact with the
water and also to maintain a constant sas pressure at 8, The gss stream
leaving 21 was free of corrosive hydrogen fluoride, but a Pyrex glass
scrubbing tower 23 was provided for taking out residual scluble products
that may have gotten past 18 and 21, The cold finger traps 24 were chilled
with Dry Ice-trichlorcethylene mixture for removal of elemental halogen
or other condensible products, Samples of gas were withdrawn at 26 for
analysis on a Burrell gas analyser. The last traces of scot settled out
in the tube 25, 100 by 5.2 an. The gases then uassed through the West
Test meter 27 and was vented to the hood at 28.

The propane and air flows were adjusted so that the resulting
flame was luminous but riot smokey. The hzlogen compound was added (as a
gas) to the propane strsam or to the air stream through a T-tube so as
to be premixed before burning.

In all runs the flow rates of propane and air were adjusted
at 0.238 and 7.18 moles per hour respectively. After the mixture was
burning steadily, the fire retarding agent was introduced slowly in
increasing amounts until the flame tended to go out. The amouni of the
fire retarding agent was then decreased giightly and the combustion was
e&llowed to burn for the desired time., At the completion of a run, the
apparatus was dismantled and the soot in 15 and 16 was brushed loose for
weighing. The contents of the scrubbers 18, 21, and 23 and of the cold
fingers 24 were filtered by suction and. thoroughly rinsed with distilled
water. The soot was dried at 110°C. and weighed. The filtrate was diluted
to 2000 ml. from which aliquots were taken for chemical analysis,

Analysis data for the cambustion products of several halogen
compounds are summarized in Table V.

Analytieal Procecures, - Aliquots of the scrubbing solutions - -
were taken for anaiysis at the completion of each run. Chloride and/or
bromide ion was determined gravimetrically by precipitation with silver

nitrate 19, Fluoride ion was determined gravimetrically by precipi-
tation as calcium fluoride 29,

A Burrell De Luxe Build-Up Model J gas analyser was used for the
analysis of the gaseous mixture coming from the water scrubbers S, Carbon
dioxide was absorbed in 30 per cent aqueous potassium hydroxide. Illuminants
or unsaturated organic compounds were absorbed in 30 per cent oleum.

Oxygen was determined by absorption in alhaline sodium hydrosulfite. Hy-
drogen was determined by oxidation to water. Carbon monaxide was deter-
mined by oxidation to carbon dioxide followed by absorption of the carbon
dioxide in a 30 per cent potassium hydroxide solution. Total paraffins or
ssturated hydrocarbons were analysed by catalytically oxidizing to water

© N e
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and carbon dioxide. Nitrogen was determined by difference.

Samples of gas were collected for analysis with respect to
organic corstituents according to the procedure which follows:

A qantity of gas, 38 to 76 liters, was scrubbed with 30 per cent
potassium hydroxide and then with agueous sodium hydrosulfite to remove
carbon dioxide and oxygen, respectivelys Carbon dicxide was cemoved to
facilitate later rectification, and oxygen was removed to avoid a possible
explosion hazard. The gas was passed from the scrubbers through a trap
cooled with liquid nitrogen which condensed all of the organic components
along with some residual oxygen and a little nitrogen. This mixture was
then rectified on the Podbielniak Hyd-Robot low temperature fractionating
column, In all cases, there was a large forerun of non-condensable
material consisting of oxygen and nitrogen. The quantities of the various
components present were calculeted from the resulting reectification curves,

The results of these rectifications may be summarized as follows:

Run No. 12, - It was found that approximately 4% of carbon
tetrafluoride was destroyed when it was premixed with propare and then
burned in air. Thie value was obtained by analysis of the fluoride ion
present in the hydroiysis soclution. The object of this experiment was
to s2e how much of the carbon tetrafluoride could be recovered from the
combustion products by rectification. Propane and carbon tetrafluoride
ware first premixed before buming in air. Flow rates of propane, carbon
tetrafluoride, and air were 0,238, 0,244, and 7,18 moles per hour,
respectively. After burning and stripping off the non-condensable material
carbon tetrafluoride was present to the extent of 0,072 mole per 76 liters
of gas. This corresponds to 63 per cent of the carbon tetrafluoride
originally introduced.

Run Nos. 17 and 18. - Nineteen liters of gas collected fram each
run were cambined for the rectification. A trace of ethane, b.p. range
-87 to -88°C, was indicated. No trace of dibromodifluoromethane was
found, thus indicating that it was completely decomposed.

Run No. 19 - For this experiment, 76 liters of gas wem collected
and three fractions were isolated. Methane, b.p. -166°C., was present
to the extent of 0,0031 mole per 76 liters of gas and ethane, b.p. =86 to
-87°C, was present to the extent of 0.0047 per 76 liters of gas. The
third fraction, b.p. -136°C,, is of unknown composition, and was present
to the extent of 0,0015 mole per 76 liters of gas.

Run No. 20 - Only carbon tetrafluoride was present to the
extent of 0,184 mole per 76 liters of gas. This corresponds to 56 per
cent of the carbon tetrafluoride originally introduced.

Discussion of Results. - Table XV presents a summary of the
results of analysis of the products of combustion. In all cases, con-
siderable soot formation occurred except for carbon tetrafluoride and
sulfur hexafluoride where only trace amounts were noted. The amount of
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s00t obtained was always a little less than the amount of sarbon presenu
in the halogen compound introduced. This suggests that soot formation
arises from the halogen compound and not from the propane, a point which
could be checked by burning a halogen compound containing labeled carbon,
The analysis for total halide ion gives the degree to which the halogen
compound is decomposed. Due to the hydrolytic action of the water
scrubbers, only total halide ions were determined. Possible halogen cam-
pounds such as carbonyvi halldes or easily hydrolysed organic halides were
not determined qualitatively or quantitatively since their structure would
be destroyed by passing through water. From the results of Table XV

it is apparent that all of the halogen compounds except carbon tetra-
fluoride tested are largely decamposed. The percentage decamposition of
the halogen compound when premixed with the propane atream can be deter-
mined by dividing the caloulated total halogen introduced into the tdal
halide ion found by analysis of the combustion products. In Table XVI
flammability peaks and per cent decompositlon arz tabulated for the
halogen compounds tested when premixed with the propane stream. Halogen
compouands having low values for the flammability peaks have high values
of per cent decanposition with the exception of dibromodiflucrcmethane.

Halogen compounds containing bromine or chlorine in addition
to fluorine were largely destroycd ard since those compounds having
strong fire retarding characteristics contain bromine and/or chlorine
in addition to fluorine, it can be expected that they will be largely
destroycd in a flame., Dibromodifluoromethane appears to be an exception
to that observation since it has a flammability peak of 4.2 but is de-
composed to the extent of 69 per cent (¥) as determined by the quantity
of halide ion formed.

In the case of sulfur hexafluoride, no total sulfur balance
was obtained but free sulfur, sulfur dioxide, and hydrogen sulfide¢ were
identified, The concentration of hydrogen sulfide in the gas stream was
of the order of 5 x 1074 grams per liter.

There appears to be very little differencoc in the results
obtained by irtroducing the halogen compound with cither the air or the

propane.

Examination of the results of the gas analysis in Table XV
shows that the introduction of the halcogen compound to the propanc-air
mixture is gccompanied by a decrease in the campletcness of combustion
as evidenced by increases in the amounts of illuminants, hydrogen and
carbon monoxide prociuced., Two exceptions are noted., Carbon tetrafluoride
and octafluoropropane seem to enhance the degrec of combustion as noted
by the large increase of carbon dioxide produced.

Pyrolysis Studies - Three types of oxperiments were conducted
in this categoryj namely, heating the halogen compound, in the presence
of and in the absence of air, at B00*C. in an iron pipe heated to 800°C.
and heating the halogen compound in a platinum tube at 800°C. in the
absence c¢f air, [ctails of these experiments are as follows?
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Table XVI

RELATION OF FLAMMABILITY PEAK TO PER CENT
DECOMPOSITION OF HALOGEN COMPOUNDS

Halogen Compound Flamabil;lt.x Peak Decomposition, §

CBr,F, 4,2 69 ‘
CBrF, 6.1 100 (
CH »Br 9.7 114 ‘
CC1F, 12.3 87
GiCLF, 17.9 93
(N - 80 !‘
SFe 2,5 73

CF, 26 4

v
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is es in the Prescnce of Air. An iron pipe, 20 inches
long and f@vc-eiﬁ[s E% Inside dlameter, was looscly packed wlth about
10 grems of coarse steel wool, A 12-ipnch, electrically heated tube
furnace was used for hoating the iron pipe at 80C* + 10*°C. The toem-
perature was measured by a8 thormocouple placed near the c.nter of the
tube and cn the outsid: betneen the tube wall and the F.ating elemunts.
Alr and the halogen compound were premixed before pussing through
the hot zone. In the case of liguid halogen compounds, boiling ncar
room tcmperature and over, premixing was done by passing a2 measurcd
amount of air through the compound in s test tube, The loss of weight
of the test tube gave the amount of halogen compound used. Gascous
compounds were mezsured by moans of crlibrated flowmetcrs. The pro-
ducts from thc hot tube were pass.d directly into a receiver cooled by
liquid nitrogen. All of the organlic components were condensed along with
some air, At the complution of a2 run, the entire contents of the
cold trap were rectificd on a Podbielniak Hyd-Robot low temperature
fractioneting column.

Air and the hsalogen compound were protected {rom moisturc but
no specisl precautions werc taken to dry the gases beforc pyrolysis,
It was assumed that ordinary compressed air and commereial halogen com-
pounds were sufficiently dry for all practical purposes,

The halogen compounds chosen for the pyrolysis studies con-
tained no hydrogen inthef#r structure. The reason for this cholce was
based upon the fuct that therc would be no hydrogen h: lide, expocislly
hydrogen fluoride, formed &s a result of the pyrolysis. Hence, the
gascous pyrolytic products could be rectified dircctly without any
danger of corroding glass apparatus.

The pyrolysis products were analysced for the erganic compnints
present in the gas stream, carbonyl halides, and czrbon dioxide and
oxyren. The organic comporents present were analysed by condensing all
of the pyrolytic products in a trap cocled with liqukd nitrogen and then
rectifying the contents of the ¢old trep as already mentioned above, From
a comparison of known boiling points and gas densitius, the identity of
the unkncan fractions could be determined in most cases. The quantity
of cach fracticn present was caleulated from the rectification chart
which is automatically plotied by the Podbielnizk instrument,

The following procedure wos used for the quantititive deter-
mination of caerbonyl halides: Alr and the halogun compound were passed
into the hot 20ne as alreczdy described., Gasecus products were led
through a dry Pyrex Wool filter to romcve iron compounds suspended in
the gas streum and then into an agsorption train similar to ih. one
deacribed by Yant and cowork.rs. The train consisted of a layer of
calcium chloride for drying the ges, 2 leyer of mmalgamated tin for removal
of elemental helogen, and a layer cof mossy zine fur removal of hydrogen
halides. The gas th:n cntercd the carbonyl halide absorpticn bulbs
containing woter saturated with #niline and sym-dirhenvliurc~. A Wet Test
met.r following th.: a2bsorption bulbs recerded th: liters of gac passed
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through. Carbonyl halides werc converted to sym-cdiphenylurea by reaction
with the aniline. The sym-diphenylurea was fi]?tﬁ;red on tared Gooch
crucibleswas dried et 70°C. ‘and.weighed. The sym-diphenylurea was then
dissolved out with 5 milliliters of warm, absolute ethanol into a tared
weighing bottle, The alcchol was evaporated at room temperature and the
residue was dried at 70°C. and weighed as sym-diphenylurea. The Gooch
crucible was also dried at 70°C. and reweighed. The loss in weight was
used as a check for the analysis. Melting points and qualitative chemtal
analysis of the sym-diphenylurea were made to check the purity of the pro-
duct. In all cases, only traces of halogen Were detected in the sym-
diphenylurea and the melting point found voried from 224 to 239°C. The
literature value for sym-diphenylurea is 238-239°C, The amount of
carbonyl halides was calculated from the weight of sym-diphenylurea as
parts per million on a gas volume basis at temperatures and pressures of
experimental conditions. No attempt was made to identify the exact

formula of the carbonyl halide that was formed. Depending upon the halogen
compound undergoing decomposition, therc is a possibility of various
carbonyl halides being produced and the values reported hera represent

the sumation of all,

In addition to the determinations of organic components and
carbonyl halides, an analysis was made on some of the products using
for carton dioxide and oxygen a Burrell Gas Analysis Apparatus of the
Orsat type. The values found are reported in Table XVII, along with
other data for these experiments,

Rectification analyses for several of the products arc as
follows:

Pyrolysis No. 3 - Curbon tetrafluoride was the only organic
compound present. '

Pyrolysis No. 4 ~ Dichlorodifluoromethane was recovercd to the
extent of 43.1 per cent. A sccond fraction boiled at -82,0°C. and
had a moledular weight of 104 as determined by a gas density deter-
mination. The compound is chlorotrifluoromethane and was present
to the extent of 19.3 per cebt of the dichlorodifluoromethanc
originally introduced. A third compound boilad at -i25°C., and was
present in a tpace amount only. The latter compound is probably
carbon tetrafluoride. . In addition to these compounds, a few grams
of an organic solid was fourd at the exil end of the iron pipe. The
solid was purified by sublimation and its melting point and
qualitative chemical analysis were determined. The compound melted
in the range 181-189°C. in a sealed tube and contains chlorine but
no fluorine. The compound was established to be hexachloroethane,

Pyrolysis No. 5 - The pyrolysis of 0.27L mole of dibromo-
difluoromethane and 0,174 mole of air through an iron pipe at 800°C.
resulted in the formation of a compound having a boiling point of
-57°C. and a molecular weight of 149 as determined from the gas
density. The structure of this compound was not established, The
pyrolysis was also accompanied by the liberation of elemental bromine
which was converted to an equivalent amount of iodine and then

<.
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titrated with a stendord sodium thiosulfete solution., By caleculation,
it was found thst a total of 0,733 g. of elemental bromine was
formed. No dibromodifluoromethane was recovered,

Pyrolysis No., 6 ~The pyrolysis of 0.121 mole of octafluoro-
propane snd 0.37 mole of nir through an iron pipe at 800°C. resulted
in the recovery of 67.0 per cent of the octafluoropropane introduced.
Trace amounts of compounds boiling at -86°C, and -79°C, were &lso
present but not identified.

Pyrolysis Studies in the Absence of air - The same spperatus
was used for these experiments that was described for pyrolysis experi-
ments in the absence of air. The amount of halogen compound used was
determined by the difference in weight of a amall stecl cylinder before
and after the oxperiment, The pyrolysis products from the LO% <one were
condensed in a trap cooled by liquid nitrogen, Generelly only one pass
was mede through the hot zone. The product in the trop coolcd with
liquid nitrogen wes entlysed for breskdown products by fractionel dis-
tilletion on the Hyd-Robot Low Temperature column.,

Dichlorodifluoromethane - The pyrolysis of 0.307 mole of dichloro-
difiuoromethane through the irom pipe resulted in the formation of
four breukdown products. Carbon tetrsfluoride b,p. -130°C., was present
to the extunt of 0.004 mole, Chlorotrifluoromethane b.p. =82°C.,
was present to the cxtent of 0,121 mole. The recovery of dichlorodi-
fluoromethane was 0,001 mnle. A frection boiling st -95°C, wes present
to the extent of 0,004 g. mols und meterial boiling above -18°C. was
present to the extent of 0.003 mole. These materiuls were not identified.

The pyrolysis of dichlcrodifluoromethane (0.164 mole) through
a pletinum tube at 800°C. resuclted in the recovery of 0.119 mole of
dichlorodifluoromethane. No other products wcre detected.

Octafluoropropane = The pyrolysis of 0.100 mole of octafluoro-
propens through the iron pipe at B800°C. resulted in the formation
of 0,004 nole of unidentified muterial boiling at «80°C. The
recovery of octafluoropropane w.s 0,082 mole.

The pyrolysis of 0.183 mole of octafluoropropane through a
platinum tube et 800°C, resulted in the recovery of 0,164 mole
of octofluoropropane., No other products wero detected

Chlorotrifluoromethane - The pyrolysis of 0,363 mole of chloro-
trifluoromethune through a plotinum tube st 800°C. resulted in the

recovery of 0.320 mole of chlorotrifluoromethane. No other products
woru detected.

Bromotrifluoromethene. = Bromotrifluoromethane (0.171 mole) wes
pcescd through the pletinum tube at B00°C, six times by distilling
the product buck end forth. Upon unelysis of the final product,
the recovery of bromotrifluoromethune wus 0,114 mole, Elemental
bronine wus present to the extent of 0,003 moles Ab unidentified
mteriul boiting st -91°Ce wos present to the extent of 0,007 mole,
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Carbon Tetrafluoride = The pyrolysis c¢f carbon tetrafluoride
(04180 mole) through a platinum tube at 800°C. resulted in the
+ recovery of 0.135 mole of carbon tetrafluoride. No other productsa
were detected. It can be concluded from this series of experiments
that decompositiosn of the halogen compounds is less extensive in
the absence of air than in the presence of air. Also, more ex-
tensive decomposition is obtained in the iron tube,

Behavior of Halogen Compounds in an Electric Arc, - The object
of this research was to determine the breakdown products formed by the

fire extinguishing agent when subjected to an electric arc. To accompliish
this, the following apparatus was constructed: A picce of Pyrex tubing,
24, mn, in diameter and 26 cm. long, was constricted in the middle

to an inside diameter of 1 am. Platinum electrodes were sealed into the
tube wall in such a manner that the gap between the electrodes was
directly across the mnstricted part. A separate cold trap #es connected
to each end of the Pyrex tube by means of ground glass ball joints to
make an air tight seal, The gystem was also comnectcd to a mercury
manometer, one end of which was open to the atmosphere so that the
internal pressure during the arcing process could be measwured at all
times. The spark source was a Model-T Ford spark coil having eight volts
D.C. on the primary. For the experiments described herein, tha electrode
gAp was O.A to O|5 cnm,

A quantity of the fire extinguishing agent was distilled into

the system and condensed into one of the cold traps €ooled with liquid
nitrogen. Liquid nitrogen was chosen as a cooling medium to make certain
that no possible decomposition products would cscape from the system.
By distilling the compound back and forth from cold trap to cold trap,
the vapors were forced through the arc. After arcing, the contents of
the system werc analysed by rectification on the Podbielniak Hyd-Robot
low temperature fractionating column.

Octafluoropropane - Qctafluoroprcpane was subjected to five
passes through the arc. Etciing of the Pyrex tube was noticed. On
rectification, the bulk of the material was found to be octafluoropropare.
A trace of mat.rial bolling at -81°¢C, was alse found.

Methyl Bromide. -~ Methyl bromide was sut jected to a single pass.
Same soot formation was noticed on the surface of the glectrodes, No
elemental bromine was found. On rectification the bulk of material
was found to be methyl bromide. A trace of material boiling at -74°C.
was also found.

Dibramodifluoromethanc., - Dibromodifluoromethane was subjected
to five passes. A small qugntity of clemcntel tromine was liberated as
a result of the arcing. On rectification, the bulk of thematerial was
dibtromodifluoromethane., A trace of matoria: boiling at -70°C. and a
trace boiling at -55°C, were alsc found.
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Carbon Tetrafluoride, - Carbon tctrafiuoride was subjected
to seven passes. Uy rectification, only carbon tetrafluoride was found.

Bromotrifluoromethane, = Bromotrifluoromethane was subjected
to seven passes. A small quantity of elemental bramine was formed aa
a result of the arcing. On rectification, the bulk of material was

bramotrifluoromethane., J1 trace of material boiling at ~1C9°C. was slso
found,

Toxicity

Ho attempt has been made at Purdue to determine the toxicity
of the substances under investigation.

The Freons have been studied extensively and, in gcneral, they
are considered to b¢ non-toxie, Fluoroform (Freon 23) las been shown
to produce no ill effect upon & guinea pig whem the test animal was
subjected to an atmosphere comprising 80% trifluoromethane and 20% oxygen?.

As a part of a cooperative research program at Purdue University
a number of fluorine-ccntdning compounds have been made avilable for
evaluation as anesthetics. Many of the com ds tested have becen shown
to possess desirable anesthetic properties,.2* Among thosc compounds are
2~bromo-and 3-bromo-1,1,l-triflucropropane,

The literature contains information concerming the life hazards
of several materials of interest as fire-extinguishing fluids. This in-
formation may be summarized as follows:

Compound Classification Reference
H 351‘ 2 20
CCl,, 3 x
ChCl; 3 2
CH,BrCl 3 3
CH 3(1'1 2B!‘ 14 3)

2 5 30
CCl1,F 5 0
CC1,F, 6 0
CC1F,CC1F, é 0

The classifications havs been defined in the following manncr:

“Group 1l--Gases or vapors which in concentrations of the order
of 1/2 to 1 per cent for durations of exposure of the order of
5 min. ar> lethal or produce serious injury: sulphur dioxide.

"Group 2--Gasc3 or vapors which in concentrations of the
order of 1/2 to 1 per cent £or durations of exposure of the order

of 1/2 hr. are lcthal or produce serious injury: ammonia and methyl
brmidec

. - R
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"Group 3-~Gases or vapors which in concentrations of the.
order of 2 to 2-1/2 per cent for durations of exposure of the
order of 1 hr. are lethal or produce scrious injury: methyl
formate, c¢hloroform, and carbon tetrachlorida.

“Group L-~Gases or vapors which in concentrations of the order
of 2 to 2-1/2 per cent for durations of cxposmre of the order of
2 hr, are lethal or produce serious injuryt dichlorethylene, mcthit
chloride, and ethyl bromide,

"Group S5--This group includes gascs or vapors much less
toxic than Group 4 and (a) more toxic than Group &% monofluoro-
trichloromethane ("F-11") and carbon dioxide--and (b) those
vwhich available data indicatc clessifly as cither Group 5 (a)
or Group 6t butane, ethane, and propane.

"Group 6-~Gases or vapors which in concentrations up to at
least about 20 per cent by volume for durations of exposure of
the order of 2 hr., do not appear to produce injury: dichloro-
difluoromethane (“Freon") and dichlorotetraflucroethane ("F-114")."

Struck and Plattner?? have reported that perfluorobutane is
without anesthetic activity and thet it is toxic in concentrations
greater than 25%. No 111 effects were observed in concentrations of
about 5%, Perfluorocyclopentane was found to be more taxic than
perflucrobutane.

A study of the tuxicological properties of severzl of the
compounds possossing the more favorable flame inhibition properties has
been initisted 2t the Toxicology Branch of the Army Chemical Center.

A formal report covering toxicity studies has not been issued.

Pnysical Properties

A 1library research project was initiated to determine whether
or not a correlation exists between the flame inhibition properties of
a compound and its physical characteristics. An attempt was made to
find all of the physical characteristics reported for several gases.
Materials chosen for this library study may be grouped inte three
tlassifications, namely, inert gases, flammable gases and gascs supporting
combustion. Representative materials in each of these groups are as
follows:

Inert Gases

argon krypton chlorotrifluoramethane
helium xernon dichlorodifluoromethane
nitrogen carbon dioxide trifluoromethane

neon methyl bromide czrbon tetrafluoride
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Flammsble Gases

methane
ethane
acetylense

Gases Supporting Combustion

oxygen
chlorine
fluorine

The appendix of this report contains tables showing data obtained in

this search, Numerous attempts have been made to correlate the physical
data reported in the Appendix(Tables 1 te 1A7 ineclusive) with

flame inhibition properties as indicated from the peak in the flammebility
curves. However, no correlation is apparent. Some of the relationshipe
considered which were more promising than others are shown in Figures

50 to 55 inclusive. Thecse figures show the relationshdp of vapor density
and dielectric constants to flammability peaks.

It is our conclusion as a result of this library secarch that
there are insufficient physical datz reported for any given series of
campounds to make a correlation feasible.

Test Materials

During the coursz of this research it has been the policy to use car
pounds of high purity. Whenever possiblemeterials available from commeréial
gsupply houses have becn used, Other materials were synthesized in the
lsboratories at Purdue folliowing procedures +hich seemed most expedient.

The following paragraphs summarize the source of the test compounds

used on the project. Details are omitted from procedures described in
the literaure.

Freons -~ The following Freons were obtained from Kinetic Chemicals,
Inc. and were used without further purification:

Dichlorodifluoromethane (Freen 12), b.p., =30*C.
Chlorotrifluoromethane (Freon 13), b.p., =82°C.
Chlorodifluoromethane (Freon 22), bep., =40°C.
Trifluoromethane {Freon 23), bepe, -82.2°C.

1,1,2-Trichlorotrifluoroethane {Freon 113)b.p., 46.5°C,
1,2-Dichiorotetrafluoroethane (Freon 114) b.p., 3.6°C.
Tetrafluoroethylene (Freon 1114) b.p., -76.3°C,

Carbon _tetrafluoride (b.p. -128°C.) was prepared by the vapor-
phase fluorination of carbon tetrachloride with silver difluoride. Before
using, the carbon tetrafluoride was pmrified by rectification on a
Podbielniak Hell-Grid low temperature column. In zddition, carbon
tetrafluoride was obtained from the New Products Division, Minnesota
Mining and Manufacturing Co., St. Paul, Minnesota.
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Carbon tetrachloride (Fire Extinguishing Grade) was mcde
available through the courtesy of the Purdue Physical Plant,

Bromotrifluoromethane (b.p. -60°C.) was prepzred by the
thermal twominction of trifluoromethane (Freon 23)3, The rerction
was carred out at 600°C. in a glass tube packed with glass beads.

1. (HF3 ¢+ Brgz -»+++++vresrms ChrFy + HBr
Also a2 part of the bromotrifluoromethane was supplied by the Army Engineers.

Trifluoroiodamethane, (b.p. -22.5%C.) was prerared from
carbon tetraiodide and iodine pentafluoride, following a procedure des-
c-ibed by Emeleus and coworkers®, Reactions involved in this synthesis
are jliustratcil by equations 2, 3, and 4t

2, CClL, + CH,I 848 i 01, + cHy01
3- Iz + Fz - IF5
4 CI# + IFS - CF3I + Iz

The procedure used in the preparation of carben tetraiodide
was adapted from the one described by Sorcos and Hinkamp?é. The techniques
involwed are illustrated by the following cxample: Two hundred and
sixteen grams (1.4 moles) of carbon tetrachloride and 936 g. (€,4 moles)
of methyl iedide were mixed in a 2-liter, 3-necked flask equipped with
a motor drivsn stirrer, & brine-cocled condenser, and a nitrogen inlet.
Before mixing, the ¢arbon tetrachloride and the methyl iodide were dried
by distilling from anhydwoms aluminum chloride. Aluminum chloride (U.03
mole, 4. g,) Was added to the solution and the flask flushed with dry
nitregen for 1C minutes. The mixtue was heated rapidly to 42°C. (about
10 minutes), and the temperature maintained at 42°C, w:til only a small
amount of methyl iodide remcined in the flask (approximately 60 minutes).
Then 400 ml. of 20% sodium bisulfite was added to the reaction mixture
in the flask. The mixture was filtered and the residue washed with
eopious amounts of sodium bisulfite solution. The carbon tetraiodide
was placed in a crystallizing dish and washed with distilled water. The
wet carbon tetraiodide was placed in a vacuum desicator and dried for
several days, Seven hundred and two grams (1.35 moles) of dried carbon
tetrajodide was obtained, representing a yield of 97% based on the carbon
tetrachloride used.

Iodine pentafluoride (b.p. 97°C.) was prepared by direct union
of the 2lements, iodine and fluorine. 1In & typical experiment, 1.5 1lb.
of iodine was placed in a nickel tube, 36 in. long and 1 in. in diameter,
surrounded bya water jackets Flucrine from 3 cells operated at 30 amperes
was passed intc the tube for a perdied of 6 hours, at the end of which
time the iodinc pentafluoride was distilled from the reactor. The
distillation was conducted in an atmosphere o: fluorine, Approximately
500 g. of icdine pentafluoride was obtained, representing a yield of
84%, bascd upon the iodine -harged to the reactor,
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Trifluoriodomethane was prepared from carbon totraiodide by
a hclogen exchange recction using icdine pentafluoride. In e typical
exporiment, 160 g. of thoroughly dried curbon totraiodide wes pleced
in o 2-1liter, 3~necked flask equipped with a mercury sealed stirrer,
& dropping fumnel, and o condenser connected in series with a receiver
cooled by « mixture of Dry Ice ¢nd trichlorocthylene. The flask and
its contents were cooled to 0°C, and 60 g. of iodinc pentefluoride was
undded dropwise during o period of 30 minutes. No change in temperature
wes obsorved during the period in whioh iodine pentafluoride was cdded.,
The mixture wes heated to 90-100°C, within 45 minutes, during which time
lurge quantities of vopors were evolved. The products from 3 such experi-
monts were combined, and aporoximately 60 g. of trifluoroiodomethene wan
obtained representing o yield of 33%. Yieldc ss high as 65% were obtuined
in lsater oxporiments. In conducting these :Zscriments, it was observed
thet the decired poection does not proceed if the reagents cre not
anhydrous. /

Other experiments which were tried ond which were not pro-
ductive of the desired trifluoroiodomethene include thc hulogen exchange
resction between curbon tetruiodide cnd cntimony trifluoride, in the
presence of tnd in thc obsence of antimony nentachloride. Carbon
tetrolodide wes recovered. These experimonts were conducted under
conditions known to give the desired hulogen exchonge recction with
carbon tetrochloride end with cerbon tetrabromide.

(b.p., 24.5°C,) was prepcred in uccordunce

with the following sequence? )

5. 3CBrg + 25bF;  ====—m——=> ZCBr,F, + 2SbBrj

Two hundred grams of curbon tetrcbromide wes ground with 500 g.
of cntimony trifluorice cnd the mixture wos plocod in a 3-necked flesk
fitted with ¢ stirrer cnd ¢ w.ter condenser. The tunpercture of the
condenser wcter was adjusted to gbout 25°C, to permit the distillstion
of dibromodifluoromethane from the recction mixture as formed. The
recction mixturo wes hected, with stirring, to 120°C. until oll of the
hnlogencted methtnes hed becn distillsd off cnd collected in receivers
cooled in ice waeter. The product was wushod with ice cold sodium
hydroxide solution and then with icc wator. After drying over cnhydrous
sodium sulfate, it wns rectified end ~3 g. of dibromodifluoromethcne
wes obtained. There was a residue of c¢bout 7-g..of tribromofluoromethane
which apparently hed been entreined through the wzter condenser.

Tribromofluoromethsne (b.p. 106°C.) wcs prepered in accordance
with the following eguetion?

6. 3CBry + SbFy/Br, —=s==—)  3CEreF + Sbbrs

Cerbon tetrabromide (200 g.) wes mixed with 400 g, of antimony tri-
fluoride cnd the mixture wos plcced in a 3-necked flask equipped with a
Hirschboerg stirrer nnd cn eir-cooled condenser wkich wos connected in
sories with receivers cooled by wet ice and by Dry Ice. About 5 ml,

of bromine wns cdded to the mixture in the flesk and the mixture was
werned with stirring to 100°C. Tribromofluoromethone distilled from the
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reaction flask as formed and collected in the ice cooled receiver., The
moterial was washed with a cold concentrated sodium hydroxide solution

and dried over anhydrous sodium suifate. Upon rectification at atmospheric
prassure, thera wgs obtained 79 g. of tribromofluoromethane representing

s yleid of 49%.

Bromochlorodifluoromethane (bep., -6°C,) was obtained by
thermal bromin:tion of chlorodifluoromethane (Frecn 22). The reaction
involved may be illustrated by the following sequences:

7. CHC1F; + Brgz —~++++=»» CBrClF, + HBr

A Vycor tube, 5 cm. by 2.5 em., was packed with Kimble glaas
beads 5 mm. in diameter. This reactor was placed in an electric furnace
ard heated to 50°C. Chlorodifluoromethane was introduced below the
surface of liquid bramine maintained at a temperature of 40-50°C. The
mixture of bromine and chlorodifluoromethane was then passed into the
reactor. The effluent gases were scrubbed with aqueous sodium hydroxide
(20%), dried by anhydrous calcium chloride and finally condensed in a
receiver cooled by Dry Ice. Upon rectification of the product which
collected in the receiver there was obtained 43 g. of chlorodifluoro-
methane, 77 g. of bramochlorcdifluoromethane and 47 g. of dibromodi-~
flvoromebhane.

Chloroform (b.pe 61.2°C.: m.p. -63,5°C,) was obtained from
the Dow Chemlcal Company. It was used without further purificatian.

Bromodifluoromethane (b.p. -14.5°C.) was obtained fram the Army
Engineers and was usad without further purification.

Dibromofluoromethane (b.p. 65°C.) was prepered in accordance
with the following equation:

8. 3QHBr, + SbFs/Br, 3CHBrgF + SbBr,

Bromoform (CHBry; 253 g.) was mixed with antimony trifluoride (330 g.) and
the slurry was poured into a 3J~necked flask equipped with a stirrer and
an air-cocled condenser connected in series with a recelver cooled by

wet ice and by Dry Ice., About 5 ml, of bromine was added and the mixture
was heated with stirring to 110°C, Dibromofluoranethane distilled from
the reaction vesssl as formed and collected in the ice-cooled receiver.
The distillate was wambed with cold concentrated sodium hydroxide solution
and dried over anhydrous scdium sulfate. Upon rectification at atmospheric
pressure, there was obtained 64 g, of dibromofluoramethane representing

a yleld of 46%.

Dichloromethane (b.p., 40-41°C.) was obtained from the Eastman
Kodak Company and used without further purification.

Dibromomethane (beps 98.5°C) was obtained from the Columbia
Organic Chemicals Inc, This material wes rectified beforo using.
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Bromochlorcmethane (b.p. 68-69°C.) was obtained from the
Michigan Chemical Company ané from the Columbia Organic Chemical, Inc.
These materials were used without further purification.

Methyi Bromide (be.p., 4.5°C.) was obtained fram the Mathieson
Company and used without further purification.

Methyl Jodide (b.p., 42.4°C,) was obtained from the Paragon
Testing Laboratories and used without further purification.

Hexafluoroethane (b.p. -78°C.) was made available for test
purposes on this project after it was obtained on another prcject s a
by-product in the synthesis of chlcropentafluorocthane by the reaction
between 1,1,2-trichlorotrifluoroethene and silver difluoride.

1,2-Dibromotetrafluorocthane (be.p. 46.4°C.) and Bromopenta-
fluoroethane (b.p., -23°C,) were prepared in accordance with the following
reaction sequence:

9 CFa=CF2 + Brg -+ CBrF,CBrr
10. 2CBtF2CBrF2 + 2AgF, —»»>+o>> 2CF3CBrF,; + 2AgF + Bry

1,2-Dibromotetrafluoroecthane - was prepared by the addition of
bromine to tetrafluoroethylene following the procedurc described by
Ruff25, The following example is illustrative of the technique used.
Bromine vapors and tetrafluorocthylene were mixed in a rcaction chamber
illuminated with one 200 Watt incandescent lamp. The rate of introduction
was such that the bromine color disappeared as a rcsult of addition to
tetrafluoroethylene. After 3 moles of bromine had becen utilized, the
crude product was washed with cold sodium hydroxide solution to renove
excess bromine. The organic product was then steam distilled, drigd
over c2lcium chloride and rectified. Six hundred and forty-three grams
of 1,2-dibromotetraflucroethane was obtained, representing a yield of
83% based on bromine consumed.

Lead tetrafluoride was tried for the halogen exchange reaction
to convert 1,2-dibromotetrafluoroethane to bromopentafluoroethane. How-
ever, after several attempts proved unsuccessful, efforts were directed
to the use of the more active silver difluoride. In the first experi-
ment with silver difluoride, 75 g. of 1,2-dibromotetrafluoroethane was
passed over silver difluoride maintained at a temperaturc of 110°C. The
time required for the addition of the organic material was one hour. The
effluent gascs were passed from the reactors into a rcceiver cooled by
wet ice and then into a receiver cooled by Dry Ice. Approximztely 10 «l.
of product collected in the Dry Ice~cooled receiver. There was some
evidence indicating that the dibramotetrafluorcethane decomposed to give
bromine and tetrafluoroethylene. A second experiment was conducted
in which 75 g. of the dibromotetrafluoroethane was passed over silver
difluoride at 75°C. The time fa introducing the 1,2-dibromotetrafluoro-
ebhane was 0.5 hour. Approximately 20 ml. of product was obtained from
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this experiment. The products from these two experiments were combined,
scrubbed frue of bromine by bubbling through sodium hydroxide, and dried
by eontacting the vapor from the scrubhsr with phesphorus pentoxide.
Rectification on a low temperature column gave 28 g. of bromopentsfluoro-
ethane bolling at ~23°C,

Pentafluoriodoethane (b.p., 16-16.5°G) Emeleus and coworkers®
reported the preparation of pentafluoroiodoethane by the reaction of
iodine pentafluoride with acetylenstetraiodide, After a consideration
of available materials and reactions involved, it was decided to prepare
a quantity of this compound for testing with respect to fire extinction
properties by the reaction of iodinc pentafluoride with tetrafluoro-l1,2-
diiodoethane, Several experiments were performed and the following
example may be considered typical of the techniques involved: Fifty
grams of tetrafluoro-l,2-diiodoethane waw® placed in a one-liter, 3-necked
flask equipped with a stirrer, a dropping funnel, and a condenser con-
nected in series to a wash bottle containing a 5% solution of sodium
hydroxide and a receiver which was cooled by a mixture of Dry Ice and
trichloroethylene. Thirty-one grams of iodine pentafluoride was added
dropwsle over a period of 15 minutes. The mixture was heated to 70°C.
within 20 minutes, during which time a small amount of gas was evolved,
The temperature was then raised rapidly to 75°C. (ebout 5 minutes) amd
maintained at 75 to 82°C. until the evolution of gases ceased, Approxi-
mately 24 g. of pentaflucroiodocthane, boiling at 16-16,5°C., was
obtained. This represents a yield of 69%.

Tetrafluoro~l,2-Divdcethane (bsps, 112°C,) was prepared by
adding jodine to tctrafluorocthylene, according to the procedure »f
Reasch?2 and illustroted by the following scquence:

11, CFpsCFp + I, —ssessss CF,ICF,I

Onc pound of iodine amd one pound of diethyl ether were mixed
in a 2-liter iron autoclave. After securing in position, the autoclave
and its contents were hcated to 60°C. Thena portion of the ether was
discharged to remove the air which was in the autoclave and tetra-
fluoroethyl¢ne was cdded from a cylinder to a pressure of 330 1b./sq. in.
The autoclave and its contents were rocked for 7 hours, during which
time a pressure drop of 20 lb,/sq. in, was obssrved. Tetrafluoroethylone
was added at frequent intervals during the next 4B hours, so that 2
pressure of 330 lb,/sq. in, w2s meintained, After discharging the fixed
gases, the autoclave was opened, and theé contents were poured onto
crushed ice. No free iodine was present. Th2 organic matericl was
stecam distilled fram a sodium thiosulfate solution., Tho dicthyl ether
was ramoved by distillation at atmospheric pressure, and th: 1,2-dfodo-
vetrafluoroctnylene was distilled at reduced pressure,

2=bromo-1,1,1~trifluorocthane was prepared in accordance with
the following scquences

12. (HaCLCHCly + NaOH —serssesves (Hp=CCly + NaCl + Hp0

13, (Ha=CClp + Bry —+»»> -»re>ms CH,BICBrCl;



14, CBrCl,CH,Br + HF/SbClg -+>+s+rssr CF3CiBr

In brief, this process involved the dehydrochlorination of 1,1,2-tri-
chloro-ethane to form 1,l-dichloroethane which was converted to 1,2-
dibromo-1,1-dichloroethane by the rcaction with bromine. 1,2-Dibromo-
1,1-dichloroethine was converted to 2-bromo-1,1,l-trifluoroethane using
the hydrogen fiuoride in the presence of antimony pentachloride. This
latter step represents a modification of a procedure described in the
literature.'” '

1,2-Dibromo-2-chloro-1,1,2-trifluoroethane (b.p., 93-94°C.)
was obtained from the Army Engineers and was used without purification.

1,2-Dibromo-1,1-difluoroethane (b.p. 943 m.p. =56,5°C.) was
obtained from the Army Engineers and was used without further purificatim.

2-Bromo-1-chloro-1,1-difluoroethane (b.p., 68°C.) was pre-
pared from vinylidene chloride in accordance ~ith the following sequence:

15. CC12-CH2 + Bl‘z e acasd CBI‘ClzCHzBr
16. CBrCl,CH,Br + SbF;/SbClg ++++++ CC1F,CHoEr + SbBr.

Bromine was added dropwise to an equivalent amount of vinyli-
dene chloride contained in a 3-liter, 3-necked flask. The rate of
addition of bramine was controlled by the rate of the reaction as
evidenced by the disappearance of the color of bromine from the contents
of the flask. After the reaction was essentinlly camplete, the product
was washed with dilute sodium hydroxide to remove excess bromine and
then with water. The dried product, cssentislly 1,2-dibromo-1,1-di-
chloroethane, was used in subsequent fluorinations.

A one-liter, 3-necked flask was fitted with a Hershberg
stirrer and a Vigreaux e¢slum. 1,2-Dibromo-l,l-dichloroethane (300 g.)
and antimony trifluoride (260 g.) were mixed in the flask and then
anfimony pentachloridc (25 g.) was added slowly with stirring. The
mixture was heated rapidly and the product allowed to distill from the
flask. The distillate was treated with 2 small amcunt of sodium bi-
sulfitc und steam distillcd. The organic layor was washed with water
and dried over anhydrous sodium sulfate. Upon rectification therc were
obtained 51 g. of 2-bromo-l-chloro-l,}-difluoroethane and 110 g. of
2-bromo-1,1-dichloro-1-fluorcethane representing 2 «4% conversion of
1,2-tibromo-1 ,l-dic}ﬁoroethane to 2-bramo-1-chloro-1,1-difluorocthana.

1-Bromo-2-chloroethane (b.p. 106.7°C.) was obtained from the
Eastman Kodak Epany and was used without further purification.

Ethyl Bromide (b.p. 38.4°C.; m.p. -117.8°C.) was obtained
from the Dow Chemical Company and used for test purposes without further
purification.
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lcdide (bepe 72.4°C.j m,p. -117.8°C,) was obtained from
Columbia Organic Cremicals, Inc. The materisl was used for detcrmina-
tion of fire extinction propertics without purification.

2,2-Difjuoroviny]l bromide. (b.p. +6°C.) was prepared by the dehy-
drochlorination of 2«-bromo-l~chlore-1,1-difluorocethane as illustrated
in the following equation.

17. CCIF,(HMBr + NaCH - CF,=CHBr ¢ NaCl + H,0

2=Bromo-1-chloro-1,l-difluorcethane was added dropwise to an
alcoholic solution of sodium hydmxide at 60°C. The solution was con-
tained in a l-liter, 3-necked flask equipped with a dropping funnel,
a stirrer and a reflux conddnser. Difluorovinyl bromide distilled from
the reaction mixture as formed and collected in a receiver cooled by a
mixture of Dry Ice and trichlorcethylene., The difluorovinyl bromide
vwas purified by rectification, Due to the rapidity with wich difluore-
vinyl bromide undergoes polymerization, the purified materiai was stabilized
with hydroqiunone,

Vinyl gromide (%.p, 16"C.) was prepared in accordance with the
following sequence:

18. CHzBrCH Br + KOH/CoHOH w~wssss CHo=CHBr + KBr + H 0

A solution of potassium hydroxid: in ethanol was charged into &
J-necked; round-bottom fiask equipped with a dropping funnel, a motor
driven stirrer and a reflux condenser. The reflux condenser was cornected
in series with a receiver cocled by wet ice. 1,2-Dibromoethane was added
dropwise from a separatory funnel and the vinyl bremide, distilling cut
as formed, was collected in a receiver cioled oy ice, Vinyl bromide
was purified by rectification through a low temperaiure column.

2-Chioro~-1,1,1-trifluoropronene (t.p, 30°C.) and 3-chloro-1,1,1-

triiluoropropang (b.p, 45°C,) were prepared by the calorination of 2,1,1i-
Lriflucropropane

2-Bromo-1,1,1-triflunropropane (bep. 26.5°C,) and 3-bromo--1,1,1~
trifluoropropane (b,p, 62°C,) were prepared in accordance with the rollow-
ing sequencei

F8013
19. CHRClQHCL(H; + Clp +sssewss CHCL,CHC1H; * HCL

2, CHC1CTHCI(H 3 + NaCH -»»+wsse> CCL =CHCH, + NaCl + Hp0

2l. CCl=QHQGH; ¢« MF -»w»wee CFCH,CHy + 2HCL

22, CF;Qiz(My ¢ Bry ++»eer-— CFyCHBr(H; + CFyCHACH,Br + HET
1,2-Dichloropropane (propylene chloride was chlorirated in the

liquid phase and in the presence of ferric chloride tc¢ prcduce polychloro-
propanes, a large proportion of which was 1,1,2-trichkloropropanc. 1,1-
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Dichloropropene was prepared from the 1,1,2-trichloropropane by dehydro-
chlorination using,aqueous sodium hydrox1de. 1,1-Dichloropropene was
converted to 1,1,1-trifluoropropane by treatment with an excess of hydrogen
fluoride at uutogcnou., pressure and at about 125°C. The thermal bromination
of the trifluoropropane at about 600°C. resulted in the formation of‘a
mixture containing both 2-bromo- and 3-bromo-l1,1, 1-trifluoropropane’®,

2-Bromo-1,1,l-trifluoropropane can also be prepared by the
fluorination of 1,2-dibromo-1,l-dichloropropane with antimony trifluoride
containing elmental bromine : ccording to the reaction sequence outlined
in equations 23 and 24.

23. CCl, = CHGH3 + Bry -~—~~=~+ CBrC1,CHBrCH,
24, CBrClpCHBr(H, + SbF; »R52sves CF;CHBrCH; + SHBrCl,

2-Bromo-l~chloro-1,l-difluoropropane (b.p. 68°C.) was prepared
by the fluordinaticn of 1,2-dibromo-1,l-dichloropropane with antimony
trifluoride and elemental bromine, The reactions involved may be
illustrited by the following sequence.

25. CCl,=CHCH3 + Brp -~~~ CBrCl,CHBrCH,
26. CBrCl,CHBrCHs + SbFs +—BX2ess CCLF,CHBr(Hs + Sb3rC1F

1-Bromo=-2,2-diXluoropropanc (b.p., 76°C.) was prepared in
accordance with the following sequence:

27. (H,CICHCICH; + KOH —>»e=or> CHo=CC1CH; + KCL + H,0

28, Ci,=CClCH4 + Bra

G ,BrCBrC1CH
29. Qi,BrCBrC1CH; + SbF3/Br, ——==+= CH,BrCF,CH; + SbBrj.

2-Chlorcpropene (CH,=CClCH,) wac propared by tle Jchytrs-
chlorination of l,2-dichloreprcpane follrring a procecurc described by
Reboul23,

A one-liter, 3-necked flask wa: equipped with & mercury-
sealed stirrer and a dropping funnel. The flask was surrounded by ice-
water and then charged with 1l.44 moles of 2-chloropropene. Liquid
bromine (1l.44 moles) was added dropwise from the separatory funnel.
After the reaction was essentially complete, the flask was fitted with
a condenser sct downward for distillation. Then a mixture of antimony
trifluoride (1.44 moles) and bromine (1.44 moles) was added to the
contents of the flask. The mixturc was heated with stirring until the
flask was free cf bromine vapors. The procduct which ccliected in the
ice-cooled receivc?® was steam distilled from agueous sodium hydroxide.
After drying, the product was rectified. Secventy-six grams of l-bromo-
2,2-difluoropropane was obtained.

e e - —— L —————— . wn e w1 s s 0w
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. A-Brogopropuns (k.p. 70,892, B.ps ~309,9%°C.) used for test
Purpcse was obtained from Halogen Chemicals, Inc, and used without
further purification,

2=Bromo ne (b.pe 48.4°Cej m.p. =125°C,) was obtained from
the Halogen Chamicals Company. It was used without further parific:tion,

Perfluorobutanc was prepared by the fluorination of 1-bromo-
butan. with silver difluoride at temperatures ranging from 200-300°C. The
product from the fluorinction was washed with a sodium hydroxide solution
to remove acidic materials and then with a solution of potassium per-
manganate to remove unsztiurated oompournds. The perfluorobvtane was dried
prior to rectification on a2 highly efficiemt column,

Octefluorocyclobutane (FC-718) (beps =5°Ce3 map. -48°C,) was
obtained as 2 research sample from the Jackson Laboratorics of the E,
I, duPont de Nemours Co., Inc, This material was used without purifica-
tiOno

Benzotrifluoride (b.p. 102.5°C,) was obtained from the Hooker
Electrochamical Company.

erfluozo(eth: thalane,
(b perfluoroind 6
cyclohexane) (B.p, 75-76°C, D were

prepered by the flucriretion of ethylbenzene » naphthalene, indenc, toluene,
end n-heptane respectively.'?#s'V218 These reactionz were carricd out in
the vapor rrase using silver difluoride as a fluorinating sgsnt, The
hydrocarbon was fluorincted with the silver difluoride at 200-250°C. and
then the prodnet from the first pass recycled over silver difluoride

et 300-350°C. Cobalt triflucride could have been used with equal facility,
However, a higher temperaturc would have been required tc insure complete
conversion te & saturated, hydrogen-free material.

Perfluorc(l,d=gimethylcyclohexane) was prepared accerding to

the fcllowing saquence,

A, CCl,
L N
I ﬂcv + 6Cl, ++ssrs i EI + HHC)
Q/ 43 \\/0013
CCl, CF,
. N AN
1. I “ L + BHF/SCLs was [ ]L + 6HC1
C1, ! F,

/y
VZ
\

\




CFs CF,

” ~ l + Clp(FeCly + C) + HCL

- k AR c1- CFy
CF, F_ CF

~
33. 2%\” + 268, Fa= 2 + 26AgF + @F + C1,
2

Cl %/\CFs FZ- - CF3
]
3o 2AgF + Fp +»>eeers 20gF, Fa
Commercial xylene is a mixture comprising essentially m (about
70£) and p (about 20%) xylenes?', This mixture contains some o-xylene as
well as some ethylbenzene, In order to obtain perfluorc(l,3-dimethyl-

cyclohexane) free of isameric materials the secmence outlined in equations

20-34, inclusive, was followed in accordance with procedures described
previously,1s11s12513:1752]

Perfluoro(l,4-dimethylcyclohexane) was prepared according to the

G, CCl,
35, |4\\1| + 601, +om lﬂ + GiC)
~ ~
&, e,

Cl, F3

sequence:

36.
h+ GHF /SbCL g v ~ | ‘ + @Cl

Y \\{
CF
CF 3

0. Cls F__CF,
(a\l’l“-“sFa--—-F Fa 4 14 agF + L HF
F —F,
P

\g{ >

Fd
F~ UR,
38, 2AgF + F2 e 2‘8F2

Para xylene from the Oronite Chemical Company was chlorinated
photochernically to produce 1,4-bis(trichloromethyl)benzene, (m.p. 112°C,)
which was purified by recrystallization. The 1,4-bis(trichloromethyl)-
benzene was treated with hydrogen fluoride and antimony pentachloride at
room temperature to procduce l,4-bis{trifluoromethyl)benzene which was con-
verted to perflyoro(l,4-dimethylcyclohexane) by vapor-phasc fluorination
with silver difluoride.
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Hetad ecaflucro(N.N-diethylpropylemine) was obtained from
the Minnesota Mining and Manufacturing Company as a research sample, It
wns used as such without purification,

Ethyl triflucroecetate (b.p., 61.7°C.) was prepared by the
simul taneous hydrolysis ond esterification of sodium trifluorcacetate.
The reactions involved in this synthesis mey be illustrated by the
following sequencet

39, CF;COxNa + H;S0, + CoHgOH -+ CF300,C,Hs + NaH30, + H,0,

In carrying out the reaction, an excess of both sulfuric
acid and ethanol was used and the reaction was forced to completion by
the continuous distillation of the product from the reaction mixture.
The distillate was treated with anhydrous caicium chloride at 0°C. to
remove residual elcchol and distilled from a amall amount of phosphorus
pontoxide.

Mitrogen Trifluoride (be.p. -110°C.) was prepared by the vapor-
phase fluorination of ammonia using silver difluoride, Nitrogen tri-
fluoride was purified by scrubbing with aqueous alkali, drying and

rectifying.

Silicon tetrachloride (b.p. 57.6°C.3 m.p. =70°C.) was obtained
from the Stauffer Charicai Company and was used without further purifi-
cation.

Hydrogen bromide (b.p. -67°C.) was vrepared oy the reaction
between bramine and tetralin., In tne preparation of hydrogen bromide
135 ml, of brominez added slowly to an excess of tetralin contained in a
Tlorence flask. The gas evolved was dried by passing it thrcugh
chlcium chloride and collected in trams cooled by Dry Xce. To prevent
bromine from pessing cver with the reaction product an ice trap was
utilized together with water cooling of the reaction flask.

thloride (b.p. =-85%C.) was obtained from the Hanshaw
Chemical Cunpany and used without further purification.

Phosphorus Trichloride (b.p. 7%.9°C.) was cbtained from the
Mallinckrodt Chemical Company and used without further purification.

Carbon Dicxlde was obteined from the Liquid Carbonic Company.

Cther Materials. Most of compounds cvaluated with respect to
their fire extinction properties have been either halocarbens or
halchydrocarbons. The desirability of preparing and evaluating repre-
sentative compounds {rom other classcs ¢f materials is evident from
an inspecticn of the few data zvailable from the evaluation of such
compounds. Considerable effort has been directed to the preparation of
fluorinated derivalives of ether, sulfides, siliconcs and amines. The
proposed methods of synthesis of these compcunds and a discussion of
the progress and failures to date are reportad herein,

\
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Fluorinated Ethers, It was decided to attempt thc preparation
of fluorinated dimethyl ethers by two methods which are described by
the following equations:

40, CF3I + NaOCHj ++r+sr=r CH40CF; + Nal
41, 2CF;I + Ag,0 -—++=++> CF;0CF; + 24gl

L2, CGHsQ§ + HCL + CHZ0 =wews CLGHZ0CH; + Ha0

L3, CLHz0Qi; + Clp =+=+ CoH;CL,0

Ll CoHpCl,0 + SbFy =s+se> CoHoFW0 + CaH,ELF30

L5. CaHaF40 + Cl, +++ees CoCL,F,0

L6, CaHaCIF;0 + Clp ===+>s C5C15F30

L7, Caf1aF40 + MF, ->essses CoFg0 + CZ0CIFs

U8, CaCl3F30 + MF, -w+wses CoCLoF40 +. CoCLF0 + C2Fe0

The method of equations 40 and L1 represents the more direct approach and
stcordingly experiments were performed in which an attempt was made to
react trifluorcmeinyl iodide with sodium methoxide and with silver oxide.
The react.ons when carried out in Carius tubes usually ended with the
demolition of the tubes, indicating the formetion of hexafluoroethanc.
One experiment was conducted in a small njckel autoclava. Forty grams of
trifluoroiodemethane, 26 c. of giiver exide and 20 g. of metianol were
sloesd in & :all nickel autoclave and heated av 50°C. for 96 hours

and then at 100°C. for 24 hours. The autogenous pressure had reached

600 1b./sa. in. at 10)°C. and was 200 1lb./sq.in. av room temperature.

The zntnclave was connected to a series of traps and thc valve was
opened. No gas was collected in the Dry Ice traps and upon heating the
autoclave a || utity of methanol was coilected. The autoclave was opened
and the solid was removed. The solid material gave a positive test for
silver iodide but also seemed to have hydrogen fluoride occluded on the
surface, The fact that there was a pressure increase during the reaction
and yet nc gas was collected in the Dry Ice traps indicated that a morc
complicated reaction had taken place than expected from equation 4Ll.

It appears that a metallic surfacc is not beneficial to the desired
reaction. Since no glass lined autoclave was avzilable and since only
small quantitiecs of materials could be used in the Carius tubes it was
decided to abandon tnis approach.

The synthesis concerned with the preparation of the polychlor-
inated dimethyl ethers as the intermediates was considered the next
logical approach to the preparation of the desired polyfluorinated
dimethyl ethers. Monochloromethyl ether was chosen as the sterting
material and four kilograms were prepared by the dircctions given in
Organic Synthesis?.” The next step in the preparation of fluorinated
methyl ethers was the preparsrtion of polychlorinated methyl ethers fram
the monochloromethyl ether. Boothz mentioned the preparation of poly-

/’/
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chlorinated methyl ethers but does not give experimental details, It
was found that in the presence of carbon tetrachloride and ultraviolet
radiation further chlorination of monochloromethyl ether with chlorine
could ba achieved. & typical preparation is as followa: Three hundred
grams of monochloromethyl ether was placed in a large glass tube 4 feet
long and 2 inches in diameter and equipped with cooling coils, a gas
dispersion disc and a reflux condenser. Two hundred and fifty grams

of carbon tetrachloride was added and chlorina was passed into the
soluticn for 20 minutes at -15°C,, and for 16 hours at approximately

35 to 40°C, The solution was dried with caleium chloride and fractionated.
There was obtalned 30 grams of polychlorinated dimethyl ether boiling
at 128 to 130°C, and 100 grams of dichloro(dimethyl ether) boiling at
102 to 105°C. It has not been determined if the higher boiling fraction
is the tri- or tetrachloro(dimcthyl cther)., There are conflicting
reports in the literaturc as to the boiling points of the two materials,

Booth? gives the preparation of fluorinated dimethyl ethers
by the reaction of antimony trifluoride with the polychlorinated methyl
ethers, Theee hundred grams of the polychlorinated ether was placed
in a 500 ml., round-bottam, 3-necked flask equipped with a stirrer, a
condenser and a nitrogen inlet. Five hundred grams of antimony tri-
fluoride was added and the mixture was heated at reflux for several hours.
There was obtained 25 grams of material boiling at 30-31°C: and 7 grams
of material boiling at 53°C. This would indicate that the starting
material was trichloro(dimethyl ether) since the boiling points correspond
to these given by Booth for trifluoro(dimethyl ether) and chlorodifluoro-
(dimethyl ether.)

Fluorinated Sulfides. Among the sulfur compounds desired for
evaluation .ith respect to their fire extinction properties were the
following: CC1F,S, CFaSFs, CF3SF, CFaSCFa, and (CF3)2SF4. The proposed
mothods of synthesis of these compounds are given by the following
unbalanced equations:

49. CS; + Clp =+ CCl; SC1

5. CCl3SCl + SbFy -+ CCl, FS + CCL1F;S

51, CC135C1 + AgFy -+++»> CF3SFg + CF3SF

52, @H3SCH3 + Cly —++sves C,HLCL,S + CoHaCl,S

£3. CquCle + 5bFy »eress CzHquS

54e CaHAF3S + Cly ++++ee+s CoCl,FpS

55. CaCIQF25 + SbF3 R aaaad CzFGS

564 CszCl‘.S + SbFy ++ses CzHaFgS

57 CzﬂquS + Clz i anad CzClquS




58, C2C1aF,LS + ShFy wesvrs CZFOS
59, GHaSCHjy + HFX Bt a4 (CFs)gS + CFa3Fs » (CFg)gﬁfy

Several attempts were made to prepare thiocarbonyi perchloride (CCl3SC1)
without success by the method given in Organic Synthesis®. No explanation
has been found and this particular synthesis has been abendoned.

The chlorination of dimethyl sulfide has been done by Moos?20,
However, upon chlorination of dimethyl sulfidc, producis were obtalnod
whose boiling points were different from these given by Mcos.

Fluorinated Amines. In order to make the study on amines more
complete, it wae doeided to attempt the preparation of perfluoro{trimethyl
amine). Ten experiments were performed in which trimethylamine wes
fluorinated to variocus degrees by passing the compound over fluorides
consisting of ethor lead tetrafluoride, cobzlt trifilucride or silver
diflucride, The experiments were varied with reapect to temperature and
time of contact. From the ten experiments approximately 70 pgrams of a
materiel boiling at 30-33°C. and analyzing for 6.9% N, 16.4% C and
1.6 H as compared to 6.33% N, 16.28% C and 0% H for perfluoro{trimethyl-
aminz) was obtained. This material was recycled over cobalt trifluoride
at 180-200°C, The resulting product was rectified on a low temperaturo
column, Seven fractions were obtained and are as follows:

Weight of distillate (g.) Boiling Range (°C.
Less than 1,0 below ~15.0
5.0 =-14.0 to +7.0
5.0 +7.5 to 15,0
9.0 15-0 to 27.0
Less than 1.0 27 to MO
109 w to 65
7.5 65 to 'm

Since these experiments were not indicative of better results, further
work was abandoned.

Performance Tests

Early in this research progrem it was mutually agreed that
large scale tests should be conducted at Fort Belvoir and not at Purdue,
This report would not be complete without including results of some
actual tests. These results, supplied by the research group at Fort
Belvoir, are summarized in Table XVIII. An inspection of these data
in this table bear out the conclusion that bramoflusrocarbons are
effective fire extinguishing agents. The correlation between the peak
in the flammability curve (Tahle I) and the behavior of these materials
in extinguishing a tb fire is not readily apparent. However, if the
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product of the time required for extinguishment and quantity of meterial

required is compared with the peak in the flammability cwrve (lable XIX),
There is a qualitative relationship,

It is noted that the method of application influences the
effectiveness of a given substance as a firc-extinguishing agent.
Perhaps a closer correlation would have been obtained between small scale
teosts and large scale teeis if all large scalc tests nad heen conducted
using ~onditions for the application which had been demonstrated as being
most effective for the compound in question.
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Appendlx

The Jssirsbility of having nll of the dats obdtained during the
course of research on this project is apparent. Conzsquently, detsiled
informetion not pertinent to Lue discussions in the body of this report
are collected ir the appendix. Tables esre included which show the flam.
mability of various mixtures, Wherever possible plota are included show-
irg the flammabls areas of the various mixtures, The date obtained in the
litereture search for physical properties of soveral @ecss are summerized
in tebular form in this section.

In the tables showing the flammebil:.y, + indicates that the
misture turned, i.e, the flame travelled to the top of the tube} - indicates
that the mixture did not burn or if the mixture ignited, lho flame did not
trevel to the top of the tude.




Table 1
FLAMMABILITY OF MIYTURES OF p-HEPTANEy alR AND
DIBROMQODI FLUORQMETHANE
{Total Pressure = 40C mm., Hg)
Dresaure, igd, Hg —Yolume ¥ __
CzHle _CAI"LF?_ C?“J.ﬁ CBI‘zl‘a
8 g8 2.0 2.0
13 12 2.0 3.0
12 8 3.0 2.0
12 12 3.0 3.0
16 B 4.0 2.0
1: € 3.0 1.5
[ 4 2.0 1.0
1€ 6 4.0 1.5
20 - .0 1.0
14 8 3.5 240
22 5 SR 1.9
14 g 3.5 2.5
14 12 345 3.0
12 10 3,0 2.5
10 6 2.5 1.5
18 6 4.5 1.5
22 2 5.5 0.5
10 4 2.5 1.0
22 4 55 1.0
16 12 4.0 2.0
18 10 4.0 2.5
16 14 4,0 3.0
18 12 4.5 3.0
16 16 4.0 4.0
18 16 4.5 4,0
20 14 5.0 3.5
18 18 4.5 4.5
24 4 6.0 1.0
20 8 5|U 2.0
14 Lo 3.5 JeD

Resuly

T+ L0

+ + ¢ 1 + +

+ + |

+*+ 4+ T 4+ e+ +

L |

+« + 0Lt
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Table 2

FLAMMABILITY OF MIYTURES OF g-HEPTANE, AIR AND

TRIBROMOFLUCROMETIANE

(Total Pressure = 400 ma. lg)

'Cz e & Cﬁ,r;i C7H-l 8 CBP;;F
8 8 2 Qo 200 -
8 12 2.0 3.0 -
10 8 2.5 200 +
10 12 2.5 3.0 -
12 16 3.0 4.0 +
1¢ 10 2.5 2.5 -
12 20 3,0 5.0 -
12 18 3.0 4.5 -
14 18 3.5 4.5 -
16 14 440 3.5 -
18 lo 4 .5 2 05 -
14 14 3.5 3.5 -
20 6 5.0 1.5 -
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Table 8

FIASMARILITY OF MIXTORES OF n-HEPTAME, AIR AND 2<-BROMO-1,1,1-TRI-FLUORC-
PROPAITE,
Pressure, me. g —_Volume% ___  Besult
4 .0 4.0 =00 1.0 1.0 -
S0 8,0 400 1.3 240 -
€.0 6.0 397 1.5 2.0 +
a,¢ 3.0 396 2.0 2.3 -
3.2 9,0 400 Ll 243 +
3.0 12.0 <00 2.3 3,0 +
9.7 14,0 296 Ca3 SeC -
16.5 14.6 338 Z5 3¢5 +
11.0 16,0 400 2.8 4.0 +
14.0 20.0 Gt 3.5 Se0 -
14.0 19.9 N ¢ 345 4.B +
15.0 180 400 3.8 7 e *
16,0 18,0 200 440 4.8 -
15,0 17,0 397 440 Gau +
18,0 16,0 398 445 348 -
iB,0 1440 400 445 Jed +
19.0 10,0 400 448 2e5 *
20.0 8.0 400 E40 2.0 -
20.0 7.0 400 5.0 l.8 -
2C.0 6.0 200 5.0 1.5 +
20.0 1.0 398 5.0 1.0 +
21.0 4.0 400 5.3 1.0 -
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Table ¢

PLAMMABILITY OF MIXTURES OF n-HEPTAME, AIR AND 1,2+DIiBRONO
TETRA- FLUOROETH/NE
[Total Press: e = 400 mm, Hg)

———Prgssure, pme He —JYolume % Result
B-Caliy s CiBr-F, Gallsa C.L _
.G 4,0 1.8 1.0 . :
6.0 4,0 1.% 1.0 - ‘.
7.0 8.0 1R .0 + ;
7ev beU 1.8 1.5 - =
7.0 10,0 1.8 2.5 + |
8,0 12,0 2.0 2.0 * ;
9.0 14.0 2.3 345 * i
10.0 16.0 2.5 4.0 * !
11.0 18.0 208 4.5 - 1‘
14,0 18.0 3,5 4.5 + |
15,0 19.0 3.8 S48 +
15.0 20,0 3.8 5.0 - !
17,0 18.0 3.3 4 + ‘
18.0 16,0 4.5 440 _
20.0 14,0 5.0 3.5 -
21.0 10,0 5.3 245 *
21.0 8.C 5.3 2.0 +
22.0 8.0 5.5 2.0 - !
19.0 14.0 448 3.5 v I
:
1
I
i
j?
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Table 8

FLAMMABILITY C: MIXTURER OF g-HEPTANE, AIR, AND 1,2-

D11 0DOTETRA FLUGRUETHARE
{Totai Preasure = 400 mm, Hg)
_Pressure. mn. HE.. —_Volume, % Res
Sallan CFaiCFal Lallza CFgICFal

1€ 16 4.0 4.0 +
20 16 5.0 4,0 +
16 18 4.0 4.5 +
12 16 3.0 4,0 +
24 16 €.0 4,0 -
8 16 2.0 4.0 +
16 24 4.0 6.0 -

12 24 3.0 6.0

16 20 4,0 5.0
12 20 3.0 5.0 -
12 18 3.0 4.5 +
20 18 5.0 4,5 -
8 18 2-0 4.5 -
14 19,2 3.5 4.8 +
6 16 1.5 4,0 -
14 20 345 5.0 -~




Table B

FLAMMABILITY OF MIXTURES OF 1« DLLME, AIR, AND DIBROMOMETHANE
{Total Pressure = 400 mm. Hg)

~oXeEquze, nia Ha

B=Czlia

=y o

e % o & 2 ® ¢ =

-
DboOCOOCODOOOBOOOD G

CWHRDOIDOIDOIPDHF UND

Nl
o ~3
- L]

19,0

SieBrs

—Voluge, &
4=CaHaa SHgBra
3.5 440
3.0 5.0
3.8 440
2,8 5.0
4.5 2.5
1.5 35
1.8 3,5
240 2,0
1.8 3.0
1.5 2.5
1.5 2,0
2.0 4'5
1.5 1.0
2.3 5.0
2.5 5.3
4.3 a.s
5.0 1.0
4.8 1.C

Besulta

* + 010 ) % 21 +

+ 4 ¢+
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FLAMMABILITY OF MIXTURES OF N-HEPTANE, AIR, AND PENTAFLUCRO-

Tadle 9

IODOETHANE

F
:

3.0
340
245
3.0
3.5
3.0
2.5
4.0
2.5
5.0
2.5
4.5
€.C
4.5
645

DOR DO W N BRI G GO s O
[] LI ) - -
hhmoubuhbboolhro o

Kesult

+ 4+ + 0 + 1 &1

141,
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FLAMMASTLITY OF MIXTURES OF n-XCPTAL, AIR, AND 3-BROMO-1,1,1-TIP-
FLUOROPROPLNE

. Pregsure, mm, Hg
H‘QZHI g !ZSHIEzE’l
12,0 16,0
13,0 16.0
12,0 18,0
6.0 18.0
16,0 10,0
6.0 20,0
18,0 10,0
6.0 21,0
5.0 20,0
8,0 21,0
6.0 22,0
5.0 21,0
540 14,0
10,0 20,0
240 10.0
10.0 19.0

{Total Pressure » 400 mm. Hg)

Volume, % _

u-Callys C3HeBrFs

1.3

S D b e b PO
L] 'Y - - L) ]

L NN NINIRS Nel

<40
440
%5
.l -5
24D
5.0
245
5.3
3.0
5.3
5.5
5.3
3.5
5,0
24D
4.8

negult

T+ ¢ vt + 1 40V

+

EELIE R - - 5
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Tadle %
FLAMM~BILITY OF KIXTURES OF n-HEPTnHE, AIR AND
ETHYL IQD1rE
{Totnl Prezsure = 400 mm, He)
Pressure, aa, He cemYolumo ¥ Result
c,:!{ag CgﬂnI CoHyn CoHel
12 1¢é 3.0 4.0 *
12 20 3,0 5.0 +
12 2% 3.0 6.0 -
12 22 3.0 5.0 -
10 22 2.5 5.5 +
14 22 3.5 5.5 -
10 o2 2.5 6.0 -
14 18 3.5 4.5 -
8 24 2,0 6.0 -
16 14 4,0 3.5 -
8 22 2.0 5.5 +
16 10 4.0 2.0 +
6 16 1.5 4.0 +

20 8 5.0 2.0 -




FLAMMABILITY OF MIXTURES OF n-HEPT.NE, AR, XD

CoHi 6

14
1z
16
20
16
20
14

LY
FRw)

12
18
17.2
16
10
16
18.2
16
10
15.2
8
14
10
16
12

Table 10

EROMOPENT.. FLUOROETHANE

(Total Pressure = 400 mm. il

CF4CF,Br
R

20
20
20
<G
16
16
16
16
16
2C
22
22
18
24
16
26
16
24
16
20
24
24.8
20

CsHys  CF3CFgBr
3.5 5.0
3.0 5.0
440 4,0
5.0 5,0
4.0 4.0
5.0 4.0
3.5 4.0
4.5 4,0
3,0 4.0
4.5 5.0
4'3 5.5
4,0 5.5
2.5 4.5
4,0 6.0
4.8 4,0
4,0 6.5
2,5 4.0
38 6.0
2.0 4.0
3.5 5.0
4.2 6.0
4.C 6.2
3.0 5.0

l*#ﬁl-ﬁl*ll E

I+ + 1 4+

+*
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Table 1l

FLAMMARILITY OF MIXTURES OF n~HEPTWNE, IR AKD METHYL IODILE
{Total Pressure » 400 mm, Hg)

Pressure, mz. Hg
a=CaHya Clial B=Callya CHal Result
12.0 12,0 2.9 3,5 -
13.C 12,0 2.3 2.0 *
12,0 16.0 3.0 440 *
8.0 70,0 2.0 5.0 *
13,0 16,0 3.3 3.0 -
8,0 18.0 2.0 45 *
8.0 16,0 2.0 %440 .
9.0 2240 2.9 5.5 +
7.0 16.0 1.8 4.0 -
9.0 23.0 2.3 D.8 -
8.0 22,0 2.0 5) +
7.0 z20.0 1.8 5.0 -
10.0 20,0 245 5,0 *
8.0 23.0 2-0 5.8 -
11.0 20,0 28 5.0 +
12.0 20.0 3.0 S0 *
14.0 12.0 3.5 3,0 .
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Table la

FLARUBILITY OF MIXTURES OF n-HEPT.NE, AIR NI BROMOTRIFLUCRQ=
METHANE
{Totel Pressure = 400 mm, Hg)

ez
1l
E

B=Callys  CPrF; p:CaHia  GBr¥ eaylt
5.0 C.0 1.3 0.0 -
6,0 0.0 1.8 0.0 +

28.0 ¢.0 7.0 0.0 +
29.0 0.0 7.3 G.0 -
11.¢ Hugay) 2.8 Bad -
13.0 2.V 3.3 6.0 -
6.0 5.0 1.5 2,0 -
7.0 8.0 1.8 2,0 +
8.0 16.0 2.0 4.0
9.0 16.0 2.3 del +
2000 Cew 5.: 2-0 -
16.0 16,0 .0 %0 -
1240 24,0 3.0 6.0 +
12.0 25,0 3.0 6.3 -
10,0 20.0 2.5 5.0 +
13.0 23,0 3.3 98 -
9.0 20.0 2.3 5.0 -
15,0 16.0 3.8 4.0 *
19,0 8.0 <.8 2,0 +
14.0 20.0 3.5 5,0 +
24.90 4£.0 6.0 1.0 -

e T,
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Teble i3
FLAMABRILITY OF MIXTURES OF n-HEPTLNE, AIR AND
ETHYL. BROMIDE
{Total Pressure = 400 mm. Hg/
Presgurg. =g, Hg volume % Result
C"HH CHSCHBBT C-,er CH;CH;,BJ‘
24 1€ 6.0 4.0 -
2 16 0.5 4.0 -
20 lé 5.0 4.0 -
6 1¢ 1.9 4.0 *
18 16 %5 440 +
- 186 1.0 4,0 +
19.2 16 %.8 .0 -
5.2 16 1.3 440 -
1R Je 2.9 8.0 -
14 32 3.5 8.0 -
14 24 3.5 6.0 -
6 29 1.5 6.0 -
10 2% 2.5 6.0 +
12 24 3.0 6.0 -
8 A 2.0 6.0 +
10 26 2.5 6.5 -
11.2 24 2.8 1.0 +
7.2 24 1.8 6,0 -
6 25.2 2.5 6.3 -
9.2 25.2 2.3 643 +
8 25.2 2.0 6.3 -
9.2 26 2.3 6.5 -
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1s

Table

1-BROMO-2, 2-DIFLUOROPROPAKE

{Total Pressure = 400 mn. Hg)

FL/BL BILITY OF MIXTURES OF n-HEPLWNE, AIR oD

Volymed

Pressure, mm, Hg

CH,BrCF;CHy

CoHig

4 I3

CHpBr( ,CH

I I I N TR B T T S T T T U R R BN N I D N B R DR NN B BN B BN

000»00.\&0000000000000 uossssozooao UO
.

* e e e« © @ « &8 & & s @

-~ 0N D~ 23&4nu/t56ﬁs.h.7876n1666666636363

00030-55500050055500000005055505.U5

llgzalllzllolllllgnqs.023.4.3 PN W N N

20
24
28
a2
28
24
28
26
Z6
26
26
24 .8
24
12
20.2

FE) M0 A NN
-4 ~ et~

20
2’
1z
24
1z

‘4886666844nu;..4666880&28264604&68288
rd — ~N et - AN [3Y] 4
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FLAMMLBILITY OF MIXTURES OF n-HEPTANE, AIR AND 2-BROMO-1-CHLORO-1,1-

—Fressure. on. He.
BoCailea Sl RECLE,
10 ccl 20 uo
14+.0 16.0
12.0 2040
8.0 24.0
10.C 22.0
10.0 24 .0
8.0 25,0
140 20.0
e .0 24. .0
6.0 25,0
5.0 28.0
3.0 24,0
4 oo 25 .0
3.0 16,0
13,0 16,0
4.0 10,0
18.0 2.0
16.0 B.0
3.0 10.0
2.0 4.0

{Total Pressure = 40U mm. Hg)}

DIFLUTROPROPANE

—Voluma, &
D=Zzlia  CallBrClis

e ° & » @ *» o & a4 °

5 e 8 ¢ o e o & 3
nNnooocoLDoGANOC o OO OoOOU

OOW > L OHOFFFFDDNMNMMNDLDWN

HNMRPNd R OO DM ODE O

® 5 * S & 2 & & & 6 8 & 8 86 * & S @

OV ooV OoOLROVNWOOCWCULOOOQCO

Rosult

I+ 4+ 4+ 1 1 + ¢+

4+ + 1 1

-+
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Table 16
FLAMMABILITY COF MIXTURES OF n~HEPLARE, AIR AND
DIRROMOFLUOROMET HANE
{Total Pressure = 400 mm, Hg)
Prossure, mm, Hg Yolume ¢ Besult
_C.H CHBr ,F CoHyg CHBrpF

12 20 3.0 5.0 +
6 12 1.5 3.0 -
l? 28 3.0 7.0 -
12 2 30 6.0 -
8 12 2.0 3.0 -
12 23 3.0 5.75 +
10 12 2.5 3.0 +
1C 24 2.5 6,0 -
28 12 7.0 3.0 -
14 24 3O 6,0 -
20 12 5.0 3.0 -
10 o2 25 5.5 -
1€ 12 G .0 3.0 +
14 g2 3.5 5.5 +
18 i2 4.5 3.0 +
13 24 3.25 6.0 *
13 25 3.25 6.25 +
16 22 4.0 5.5 -
13 26 3.25 6.5 -
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Table 17

151,

FLLAMABILITY OF MIXTURES OF n~-HEPT.NE, AIR, ~ND 1,2-DIBROMO-

1,1-DIFLUOROETHANE
(Totel Preasurc = 400 mm, Hg)

Volurc, §
D-=Callia CBrFgCHaBr
1.0 5.0
4,0 4,0
1.0 2,0
4.0 5.0
2.0 5.5
4.0 6.0
2.0 540
D4 240
2.0 6.0
3.0 65
5.0 %40
3.0 7.0
2.5 645
3.5 645

(o]
Ill#ll#ll#l#lE
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Teble 18
FLAMMABILITY OF MIXTURES OF n-HEPLANE, AIR AND 2-BROMO-1,1,1-

TRIFLUCRUETHANE
{Total Pressure = 400 mm. Hg)

—Pressure. ma, He —— Yolugpe, £ Reault
D=CoH g CFsCHaBY B=Cal1a SP3CHLBr

29,0 6.0 7.3 1.5 +
29.0 7.0 7.3 1.8 -
27.0 10.0 6.8 2.5 +
28.0 10.0 7.0 2,5 -
26.0 12.0 6.5 300 -
25,0 12,0 6.3 3.0 +
25.0 14,0 6.3 3.5 +
22 .0 18 .o 5.5 4.5 -
21.0 18.0 4.3 4.5 +
19.0 22,0 4.8 545 -
18.0 22.0 4.5 545 +
16.0 26.0 4.0 645 *
11.0 26.0 2.8 6.5 +
13,0 27.0 3.3 648 -
10,0 22.0 2.5 5.5 +

o0 18.0 2.3 4,5 -

.0 18,0 2.3 4.5 -

.0 10,0 2.3 2.5 -

.0 10,0 2.5 2.5 +

.0 6.0 2.3 1.5 -

.0 4.0 2,0 1.0 -

.O 4.0 2'5 1.0 +
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11.0
22.0
10.0
21.0
11.0
18,0

9.0
16.0
15.0

9.0
12,0
10.0
13.0
11.0

153.
Table 19
FLABGBILITY OF MIXTURES OF n-HEPTANE, AIR .ND PERFLUOROETHYL-
CYCLOHEXANE
— . Dressure, mm, Hg Volume, % Rosult
L=Calisa CaFi:1CoFs Total n~CaHis CaF13CoFe
5,0 500 1,0 1.0 -
5.0 500 6.0 1.0 +
5.0 499 1.2 1.0 *
5.0 500 6,2 1,0 +
10,0 499 1.0 2.0 +
10,0 499 0.8 2.0 -
15.0 501 1.0 3,0 .
15.0 502 0.8 3.0 -
8,0 401 6.0 2.0 +
20,0 503 1.2 440 -
8,0 401 6.2 2.0 -
29.0 50C l.4 4,0 +
12,0 401 6.0 3.0 -
25,0 503 2,0 5.0 -
12.0 400 5.8 3.0 +
25.0 501 2.2 5,0 +*
16.C 339 5.5 4G -
24.0 40C 2.5 6.0 -
16,0 399 53 4 .0 +
24.0 401 2.7 6.0 +
18,0 349 5.2 5.8 -
21,0 300 3,0 7.0 -
17,0 40 4.7 5.0 -
17.0 340 4.4 5«0 +
20,0 300 3.0 6.7 +
18,0 300 4,0 6.0 +
20,0 300 3.3 6.7

18,0 300 4.3 6.0 -
20.0 300 3.7 647 +
21,0 310 3,9 648 -

12.0
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Table 2o

FLAMMABILITY QF MIXTURES OF n~HEPTANE, IR AND PERFLUGRC-1, 3~
DIMETHYLCYCLOHEX, ME
(Total Pressure = 400 mm, Hp)

—Lressure, am, Hg ——Yolume, $
8Collie CaR (CFal, aclallia  CaliolCisly

Rosult
25.0 4.0 6.3 1.0 *
2340 12.0 5.8 3.0 +
22.0 16-0 5-5 4-0 -
2040 16.0 5.0 4.0 +
18,0 2246 4.5 5D +
13,0 7.0 33 648 +
9.0 24.0 2.3 6.0 +
7.0 1640 1.8 <40 +
6.0 16.0 1.5 4,0 -
4.0 1.0 1.0 1,0 -
5.0 4.0 1.3 1.0 +
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Tabie 2}
FLAMMABILITY OF MIXTURES OF n- ZPT.NE, AIR ..ND TERFLUGRO-1,4-
DIMETHYLCYCLOHEXANE
—Pxesaure. ga. Hg Yoluge &
R=Calla Calio(CF3)o  Ietal R=CaHaa SaF1af{CFsl;  Regsult
3.0 6.0 239 1,0 2.0 -
20,0 3.0 300 6.7 1.0 +
440 6.0 360 1.3 2,0 +
21.0 3.0 300 "0 1,0 -
4.0 12.0 300 1-3 400 -
17.V 9.0 30% 5.6 3.0 +
5.0 12.0 299 1.7 4.0 .
18.0 9,0 300 6.0 3,0 -
7.0 15.0 300 2.3 5.0 +
13.0 15.0 300 4.3 5.0 .
6.0 15,0 300 2.0 5.0 +
14.0 15,0 302 446 5.0 +
5.0 15,0 300 1.7 5.0 -
15,0 15.0 299 5.0 5.0 -
7.0 18.0 301 2.3 6.0 -
16,0 15,0 300 5.3 5.0 -
8.0 18,0 301 2.7 6.0 N
19,0 6.0 300 643 2.0 -
11,0 21,0 300 3,7 7,0 -
18, 640 300 6.0 2.0 +
11.0 20.0 303 3.6 6.6 +
14.0 19,0 320 4.7 6.3 -
9.0 20,0 302 3,0 6.6 +
13.0 19.0 299 443 6.3 -
9,0 21,0 307 2.9 6.8 -
16.0 12.0 300 5.3 4.0 -
5.0 5,0 499 1.0 ! 1.0 -
15.0 12,0 300 5.0 4,0 .
6.0 5.0 499 1.2 1.0 *
13.0 18.0 3N 4.3 6.0 .
15.0 17,0 299 540 5.7 -
29.0 veu 401 7.2 0.0 +
1500 17.\) 305 409 5.6 -
30.0 €0 405 74 0.0 -
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Table op
FLAMSABILITY OF MIXTURES OF N-HEPTANE, AIR AND TRIFLUORO-
TODOME THANE
(Totel Pressure = 400 mm, Hg.,)
Rusuly
1246 29,0 3,0 5.0 +
12,0 28,0 3.0 740 -
lgoo 24.0 3.0 6.0 +*
12.0 26-0 3.0 605 -
13,0 26.0 2,5 6.5 +
1400 '6.0 3.5 6|5 -
16,0 28.0 2.5 7.0 -
16,0 20.¢ 4.0 5.0 *
8.0 26,0 2.0 605 -
8.0 20.0 2490 5,0 +
0 2C .0 5.0 5.0 +
0 80,0 1.5 5.C -
.C 20'0 6-0 5.0 -
.0 24 .G 2.0 6.0 *
0 20.0 5.5 5.0 *
0 2440 3.5 6. +
o] 24 .0 4.5 §.0 +

[ p—
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Table 23

FLAMUBILITY OF MIXTURES OF n-HEPT/NE, AIR AND 1-BROMO-2-CHLORO-
ETHNE

——Prosgure, ma, He .Volugo §
CHaClCHaBr B:=Colla Iotal  CHGCICHMEX p=Caflysa = Result

6.0 4.0 353 1.7 1. .
6.0 20.0 30C 2.0 6.7 -
6.0 3(0 300 200 loa -
6.0 19,0 300 2.0 6,3 -
12,0 3.0 300 4.0 1.6 -
6,0 18.0 300 2.0 6.0 -
12.0 . o 300 400. 1.3 +
6.0 16 .3 300 2.0 5.3 -
18.0 4.0 500 600 1.3 +
6.0 14.0 310 1.9 4.5 +
18,0 3.0 300 69 1.0 -
6.0 15.0 299 2.0 5.0 -
21,0 4.0 30u 7.0 1.3 -
i2.0 11.0 301 4.0 37 -
12,0 10.0 299 4.0 3.3 ’
21.0 5.0 301 7.0 1,7 +
18,0 8.0 300 6.0 2,7 -
23.0 6.0 301 7.7 2.0 -
.0 7 3 6.0 243 +
22.0 600 300 7-3 2.0 -
21.0 7.0 300 7.0 2.3 -
21,0 6.0 300 7.0 2.0 -
22.0 5.0 300 7.3 1.7 -
30 17,0 30 1.0 5.7 +
3.0 18,0 300 1.0 640 -
wall
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FLAMBILITY OF MIXTURES OF n-fEPT.NE, AIR LND 2-HROMC-1-
CHLORO-1, 1-DIFLUCROETHANE

gsure
C-;N,. a CCng’lﬂzhr
8 8
8 12
12 8
8 16
8 &
12 16
12 20
12 2%
12 es
12 36
12 44
12 32
16 28
12 30
16 24
14 30
20 20
14 28

{Total Pressure » 400 mm, Fg)

Yolume &

CoHig

CC1F,CH Br

2.0
2.0
3.0
2,0

* e ® s+ & @

DRI LWALGD
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e o & 9 2 & & a »
CLUCOLCcODLLLCOOOOOo0
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o e ® o o

Eegult

I & 4+ %+ ¢ 1 | &« &

LI 2 I |



Teble 25
FLAOU.BILITY OF MIXTURES OF n-HEPLANE, AIR AND PERFLUGR OMETHYL-
CYCLOGHEXANE
——kXegsure, am, Hg Yolume
B=Lallsa CoFs CF;  Totel B=Calyp £aF13CFq Result
27.0 15,0 501 5.t 36U +
28,0 15,0 530 5.6 IR -
6.0 295.0 532 1.7 el -
7.0 20.0 SO0 1.4 440 +
12.0 35.\) SUU 20"1 7-\“ -
13,0 35.0 499 2.6 7.0 +
14.0 38,9 520 247 7«3 +
1‘; .U 38.0 5\;\1 2.8 7.6 -
14.0 37.0 500 2.8 7.4 +
ll .0 30.0 500 2-2 6.0 -
12.6 . VIRV LIV 2% 6.0 *
9.0 25.0 504 1.8 Seu +
2l,.v leu 500 4.2 6.0 +
8.C 25.C 498 1.6 5.0 -
12.C 33.0 50¢ 2.4 6.6 *
22.v 33.C 509 4.4 549 -
19.G 33.0C <88 349 648 *
18,0 35,0 505 3.6 649 +
19.0 35,0 495 3.8 7.1 -
16.C 37.0 499 3.2 7.4 -
16,0 36.0 Suz 3.2 72 +
5.0 10.0 530G 1.0 2.0 +
":-G lc oc' 499 0.8 2.0 -
6.0 20.8 5% 1.2 4.0 -
7.0 2u.C 499 l.4 440 +
5.0 15.C 501 1.0 30 -
6.0 15.C 502 1.2 3.0 +
24.0 2¢.C 5.0 4.8 448 -
230 24.0 50C 4.6 %8 +
5.¢ 5.0 S5 l.v 1.0 *
4.,C Sel 6501 0,8 1,0 -
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Teble 28

FLAMMABILITY OF MIXTURES OF n-HEPTANE, AIR, AND n~PLRFLUORO-
HEPTANE
{Total Pressure = 400 ma. Hg)

Prescure, mm, Hg

]
:
E

aclallis 8=Calin
28,0 4.0 7.0 1.0 +
25¢0 13.0 605 3'0 -
24.C 12.0 6.0 3.0 *
2240 16.0 5.5 4.0 +
18.0 24.0 4.5 6.0 -
15.0 26,0 3.8 6.5 +
13.0 24,0 3.3 6.0 +
10.0 16.0 2.5 3.0 +
7.0 8,0 1.8 2.0 +
6.0 800 1-5 200 -
6.0 4.0 1.5 1.0 +
5.0 4.0 1.3 1.0 -
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Te'le 27

FL, M.BILITY CF MIXTURES CF n-HEPT.NE, ..JR AND BRCMOCHLCRO-

SETHANE
Pressure, mm, Hg Volvme %
B=Calisa CHzBrCl Total n=CaHya  CHoBrCl Result
9.0 2¢C,0 499 1.8 4.0 -
10.G 2ueV 501 2.0 40U +
11.¢ 0L ev 498 24C 740 +
10.'\/ :?5.\) 5{.‘7 2.\) 6.9 -
23 15.0 S8 4.6 U -
22.0 15,0 502 L 3.C +
18.0 2540 Su0 3.6 5.9 *
19.0 25.u 497 3.8 5.0 -
14 .0 35 .O 496 2 08 7 .l +
15.0 35.0 495 3.0 74l -
13.C 37 &t 512 2.5 742 -
12.0 36,9 502 244 7.2 +
l2.¢ 38,0 498 2.4 746 -
12,0 37 .U 505 2.3 73 +
1C.0 37.0 492 2.0 745 +
11.¢ 38.C 562 £42 7.6 -
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Table 28
FL-MMABILITY OF MIXTURES (F N-HEPT/NE, BROMODIFLUORC-~

METH,NE AND LIR
(Totel Pressure = 400 mm. Hg)

Pressupe, mm, He, Volume § gsulte
c‘]ng CEBIFE c"HIQ CHEx 1':2_
16,0 320 4,0 8.0 +
12,0 24,0 3.0 6.0 +
2000 24&0 5.0 60\-) -
16.0 4940 4.0 10.0 -
20.0 16.C 5.0 4.0 -
16,C 36 .0 4.0 9.0 -
12,0 3240 3.0 8,0 -
8,C 24 .0 2.0 6.0
26,0 8.C 5.0 2.0 -
12.0 28.0 3.0 7.0 -
8.C 8.0 2.0 2.0 *
20,0 32.C 5.0 8.0 -
20,0 Lew 5.0 1,0 +
32.0 V.0 8.0 Q.0 -

Lok "
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Table 29
FLAOOLBILITY OF MIXTURES JUF n-HEPT.NE, AIR ,ND 1,1, 2-TRICHL(RO-
FLUOROETH, NE

——Preseure, mm, ig Volume & _

A=Caliza L£aClaFs Iotal n=Collie $301aFx Result
5 .0 5 .Q 5CGO 1.0 [REY) -
64,0 5.0 500 1.2 1.0 +
5.0 1G.0 500 1.0 2.0
6,0 10.0 +99 1.2 2a0 -
64C 10.0 50C 1.2 2.0 -
7.0 10.0 500 1.4 2.0 +
'7'0 1500 499 1«4 3-\) -
8.0 2040 500 1.6 4.0 Blew off

aafety cap

28.0 240 409 6.9 0.5 +
28.¢ 4.0 399 740 1.0 -
27.0 4,0 400 6.7 1.C *
27.C 8.0 400 6.7 20 -
2640 8.0 400 6.5 240 +
26.0 12,0 399 6.5 3.0 +
27 .0 12,0 4C1 6.8 3.0 -
26.0 1600 400 605 4.0 -
2540 16.0 404 6.2 440 -
24.C 16.0 401 6.0 4.0 +
6.0 16,0 399 1,5 4.0 -
2240 20,0 400 545 5.0 +
60‘: Shven VY] 105 5.\! -
23.0 20.0 401 5.7 5.0 -
7 no 21 -o 400 l o" 5 02 -
5.0 16.0 400 1.3 4,0 -
20,0 24.C 490 560 6.0 +
8,0 20.0 399 2.0 5.0 +
10,0 24.0 403 2.5 6.0 +
21.C 24.0 399 5.2 6.0 -
9.0 25.0 400 2.3 6.2 +
17,0 28.0 400 4.3 7.0 +
8,0 24.0 400 2.0 6.9 -
18,0 28.0 400 4.5 7.0 +
10,0 28,0 400 2.5 7.0 +
9.0 28.,C 400 447 740 +
19,0 28,0 401 2,2 7.0 +
8.0 28,0 400U 2.0 7.0 -
21,0 28,0 4 5.8 7.0 -
12.0 32.0 401 3.0 8.0 +
16.C 3240 4C0 IRV a,0 +
12.0 34.0 400 3.0 8.5 -
16,0 34 4G 399 4.0 8.5 +
16.C 36.0 401 4.0 9.0 +
1C,.C 31.0 399 2.5 7.7 +
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Table 29 {continued)

8 Yolume %

L£3C1sFs Iotal n-CoH:a L$2Cla¥s Regult
38,0 400 4.0 9,5 -
32.0 406 2.5 8,0 -
32,0 407 4.9 749 -
33.0 406 3.0 8,1 *
32.0 400 4.7 2,0 -
33.C 401 3.0 8.3 +
3240 400 4.5 8.0 *
3740 406 4.0 3. -
25.0 400 4.3 8.8 -
28,0 490 5.C 7.0 -
28,0 400 4.5 7.0 +
35.0 411 4.4 8.5 -
28,0 400 4.8 7.0 *
35.0 400 35 c.8 -
28,0 399 5.0 7.5
34.C 40C 3.5 8.5

——am
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Table 30

FL-MM BILITY OF MIXTURES OF n~-HEPL.NE, .JIR ..ND BROMOCHLORO-

DIFLUCROMETH.NE

{Total Pressure = 4uJ mm. Hg)

m
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Table 33

FL/(MMARILITY OF MIXTURES OF N-HEPTANE, /iR, AND HYDROGEN
BROMITE
(Total Pressure = 400 mm, Hg,)

Eregsure, aa, He, ——Vejume & Eesult
C7H16 HBr C7H1° HBr
1640 40,0 4.0 10,0 -
24,0 40,0 6.¢ 10,0 -
1600 20'0 40(1 50’) +
24,0 20.0 6.0 Bav -
16,0 28.0 4.0 7.0 +
£0,0 20,0 5.0 5.0 -
1600 32 'O 4.0 8.0 -
810 20-C 2.0 500 -
16.0 36.0 4.0 9.0 +
12.0 20.0 3.0 5.0 +
12.0 38.0C 3.0 9.5 -
20.0 36.0 6.0 9.0 -
16.0 38.0 4.0 9.5 -
12.0 3640 Je 9.0 -
24 .0 4.0 £.0 1.0 -
8.0 8.0 2.0 £.0 +

Nl - - .
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Table 32
FLAMMABILITY OF MIXTURES OF n- » AIR AND METHYL BROMIDE
—Lrepoure, pom. He Yolume %
A=C=llia  GaBr Zot.l B=CaHia CHaBr Result
6.0 20.0 ‘% 1.2 400 -
7.0 20.0 508 1.4 3.9 .
6.0 40,0 500 1.2 8.0 -
7.0 40,0 500 1.4 8.0 -
10.C 43,0 500 2.0 8.6 .
10,0 44,0 501 2,0 8.8 -
15.0 27.0 500 2.0 5.4 *
15.0 30,0 499 3,0 6.0 -
17.0 25,0 500 3.4 5,0 -
16.0 25,0 504 3.2 5.0 +
13.0 35,0 498 2.6 7.0 -
12.0 35,0 500 2.4 7.0 +
11.0 40.0 501 2.2 8,0 -
10.0 40.0 501 2.0 8.0 +
8.0 46.0 501 1.6 9.2 +
8.0 47.0 499 1.6 9.4 -
7.0 48.0 501 1.4 9.6 +
7.0 43.0 500 1.4 9.8 -
25.0 9,0 503 5.0 1.8 +
26,0 9.0 503 5.2 1.8 -



Table 33
FLAMMABILITY OF MIXTURES OF N-HEPTANE, AIR AND DIFLUGRO-
VINYL BERCMIDE
(Total Pressure = 400 mm. Hg.)

_Pressure, mpq, He, Yolume % Result
Lollye CFg=CHBr Cqyye CfpuCHBr

8,0 24,0 2.0 6.0 *
20,0 24.0 5,0 6.0 -

4.0 24.0 1.0 6.0 -
16.0 24, 4,0 6.0 -

4,0 2640 1.0 9,0 -
12.0 £4.0 3.0 6.0 +

8.¢ 8,0 2,0 7.0 +
10,0 2,0 2.5 8.0 +
12,C 28,0 3.0 7.0 +
10.9 26,0 2.5 g9 *
10,0 40,0 2.5 10.0 -
10.0 28.0 2.5 9.5 +
12I0 38.0 3.0 '805 -

8.0 38.0 2.0 9.5 -
20,0 10,0 5.0 2.5 -
20,0 14,0 5.0 3.5 -
20.0 6.0 5.0 1.5 -

R p—.

e
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Table 34
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FLAMMABILLTY OF MIXTURES OF n~HEPTANE, AIR AND PERFLUGROBUTANE

——Pressure, gm, Hg _Yolume %
D=Calls g Calio Total B=Coilia L0
30.0 4,0 400 7.5 1.0
23.0 4.0 400 7.2 1,0
29.0 8.0 400 7.2 2.0
28.0 8.0 400 7.0 2.0
24.0 16,0 400 6.0 4.0
23.0 18.0 401 5.7 4.0
20.0 23,0 400 5.0 5.7
21.0 24,0 402 5.2 640
20.0 29,0 400 5.0 7.2
19.0 29.0 400 6.7 7.2
17.0 35,0 402 4.2 3,7
13,0 34,0 400 4.2 8.5
13,0 39.0 400 3.3 9,7
5.0 ';0 -0 "x- 3-3 10.0
4.0 4.0 400 1.2 1.0
4.0 1.0 401 1.0 1.0
4.0 12,0 398 1.0 3.0
5.0 12,0 400 1.2 3.0
5.0 20.0 400 1.2 £.0
6.0 20.0 399 1.5 5.0
7,0 26,0 400 1.7 6.5
8.0 26.0 <00 2.0 6.9
8.0 31.0 4w alo 7.]
9,0 31,0 400 2.2 7.7
11.0 35.0 401 2.7 8.7
11,0 36.0 400 2.7 9,0

Result

t + 1
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Tadle 3%

FLAMMABILITY OF MIXTURES O n-HEPTANE, AIR AND SILICON
TETRACHLORIDE
{Total Pressure = 400 mm, Hg)

Eresgure, ma, Hg —Voluse & Result

Colly g ciCl CoH, @ 51Cl,
16 32 4.0 8.0 .
12 24 3.0 6.0 +
20 24 5.0 6.0 .
16 34 4.0 8.5 *
10 24 2.5 6.0 -
12 36 3,0 9,0 .
14 36 3.5 8.0 *
16 36 4,0 9.0 -
l‘i 38 3.5 9.5 -
12 38 3,0 9.5 +
12 40 3,0 10,0 -
10 40 2.5 10.0 -
10 38 2.5 9.5 -

170
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Tadle 36

FLAMMABILITY OF MIXTURES OF n-HEPTANE, ATR, AND 1,2-DIBROMO-
=2=CHLORO=1, 1-DIFLUCRCETHANE

{Total Preasure = 40C am. Hg)

Belallss LEr¥LCErQLY Repuly
200 4.0 +*
200 5.0 *
2.0 6,0 .
2.0 7.0 *
2,0 8,0 *
2.0 9,0 -
2,5 9.0 -
3.0 9,0 *
3.0 9.5 -
3.5 9.0 +
4,0 9.3 +
3,5 9.5 .
305 lo.o +
4.0 10,0 -
4.5 9.0 +
1.5 B.o -
5-0 9.0 +
1.5 5.0 -
5.5 9.0 -
35 1000 L 4
3.5 10,5 +
3.9 11,0 -

- e e s g ® -
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Table 127

FL MM BILITY OF MIXTURES OF p-HEPT INE, AIR AND
1,2-DICHLOROTETRAFLUOROETHANE (FREON 114)
(Total Pressure = 4CO mm, Hg)

Prespure, mm, Hg Volume % Result
CrHyg CC1F,CC1F, C,H,4 CC1F,CClF;

8 4 2,0 1,0 +
10 8 2.5 2,0 +

6 8 1,5 2,0 -

8 12 2,0 3.0 +

8 8 2,0 2,0 +

6 12 1,5 3,0 -

8 16 2,0 4,0 +

8 20 2,0 5,0 -

8 24 2,0 6.0 -
10 20 2.5 5.0 -
10 26 2,5 6,5 -
12 20 3,0 5,0 +
14 24 3,5 6,0 +
12 29 3,0 7.25 +
20 24 5,0 6,0 +
12 36 3,0 ‘9,0 +
16 32 4,0 8,0 +
12 40 3,0 10,0 +
20 32 5,0 8,0 N
12 44 3,0 11,0 -
12 42 3.0 10,5 +
20 32 5.0 8.0 +
14 42 3,5 10,5 -
10 42 2,5 10,5 -
24 32 6.0 8,C -
12 41 3.0 10,25 +
22 32 5.5 8,0 +
24 22 8.0 5.5 .
28 22 7,0 5.5 -
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Table 38
FLAMMBILITY OF MIXTURES OF n-HFPTANE, AIR iND C.\RBON TETRACHLORIDE

Pressure, mm, Hg Volume %
n=CHye CCl, Total ne=CoH g CCi, Result
7.0 20,0 493 1.4 4ol +
6,0 20,0 522 1,2 3.8 -
8.0 30,0 517 1,5 5.8 -
7.0 30,0 517 1,4 5,8 +
13,0 50,0 531 2,4 9,4 -
14,0 50,0 536 2,6 9.3 +
13,0 46,0 409 3,2 11,2 +
13,0 47,0 406 3,2 11,6 -
21,0 45,0 468 4y5 %6 -
20,0 45,0 4R 4ol 9.2 +
29,0 40,0 506 5.7 3.9 +
30,0 20,G 509 5.9 3.9 -

Lo,
Tan
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it

CFACHCICH,

Table 3y -
Volume
n-Col 44

FLUCROPROP ANE

(Total Pressure = 400 oo, Hg)

H
CF,CHCICH
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Cqll
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Table 40

FLUOROPROP ANE

{Total Preasure = 4CO mm, Hg)

FLWMRBILITY OF MIXTURES OF n-NEPTANE, AIR WD 2-CHLORO-1,1,1-TRI.

Volume %

CyH,C
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Table 41

FLAMMABILITY OF MIXTURES CF n-BEPTINE, IR AND CHLOROTRI FLU OROMETH ANE
( FREON 13)
(Total Pressure = 4CO mm, Hg)

Pressure, mm, Hg Volume £

n-CoHyg CC1F, n=-CoH3 g CC1F, Regult
12,0 48,0 3,0 12,0 +
14.0 48.0 3l5 ]'2.0 -
12,0 50,0 3,0 12,5 -
14,0 44,0 3,5 1,0 *
10,0 40,0 2,5 10,0 -
20,0 24,0 5.0 6,0 +
21,0 24,0 5.3 6.0 .
11,0 48,0 2,8 12,0 -
1300 48.0 3.3 12.0 4+
13,0 50,0 3,3 12,5 -
7.0 24,0 1,8 6,0 +
6,0 24,0 1.5 6,0 +

~

S e
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Hg)

AIR iND BHEXAFLUOROETH ANE

400 ma,

n-HEPTANE,

Table 42
sure

(Total Pres

Pregsure

FLAMMABILITY OF MIXIURES OF

4
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FLAM'ABILITY OF MIXTURE3 OF n~-HEPTANE, AIR AND DICHLORODIFLUOROMETHANE

Pressure, mm, Hg
n=Cot:a Cl1,F,

6.0
20.0

6.0
22.0
21.0
19.0

540

5.0
18.0
19.0
12.0
18,0
17.0
14.0
1.0
1[&.0
16,0
18.0
16,0
10.0

9.0
17.0

32,0
32,0
16.0
16,0
16,0
32.0
16.0
32.0
bide G
M.O
44.0
52.0
52.0
58.0
440
59.0
58.0
58.0
60,0
38.0
38.0
58.0

(FREON 12)

(Total Pressure = LOO ma, Hg)
— _YVolume. £
belodaa P

1.5 8.0
5.0 8.0
1.5 4.0
55 4.0
543 4.0
L8 8.0
1.3 4.0
1.3 8.0
45 11.0
L.8 11.0
3.0 11.0
Le5 13.0
4e3 13.0
3.5 4.5
2.8 11.0
3.5 4.7
4.0 15
b5 14.5
4.0 15.0
2.5 9.5
2.3 9.5
Ll 4.5

Result
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Tuble 44

FLAMMABILITY CF MIXTURES OF n-HEPTANE, AIR AND
CHLOROPORM
(Total Pressure = 400 mm. Hg)

Pressure, =zm, Hg Volume %

C-pH‘ [} G'IC13 C')H‘ & CHCl; Repult
8 l.. 2!0 1.0 -
8 8 2,0 2.0 +

12 P 3.0 1.0 +
8 12 2,0 3.0 +
8 16 2.0 4.0 +
8 20 2.0 5.0 -
8 2“ 2.0 6.0 -

12 20 3.0 5.0 +

12 18 3.0 12,0 N

12 24 3.0 6.0 +

12 52 3.0 13.0 »

16 56 4.0 14.0 +

12 60 300 15.0 +

12 48 3.0 17.C -

12 72 3.0 18,0 -

12 64 3.0 16.0 +

16 &0 L.0 15.0 +

12 66 3.0 16.3 +

16 &4 440 16.0 +

20 &0 5.0 15.0 +

24 % 6.0 9.0 +

14 68 3.5 17.0 +

28 68 7.0 9.0 -

lh 72 3.5 18-0 -

pys Y 3¢5 17.5 +

16 68 () 17.0 -

w 6‘# 500 16-0 -

i



Table 45
FLAMMABILITY OF MIXTURES OF n-HEFTANE, AIR AND TRIFLUOROMETHANE
(FREON 23)
{Total Pressure = 400 mm. Hg)
Pressure, mm, Hg Volume %
D-Caie  CHF, n=CHs ¢ CHF Result

24.0 16.0 6.0 4.0 -
5.0 24,0 1.3 6.0 *
I..O 2‘&.0 l.O 600 -
22,0 16,0 5.5 4.0 +
6.0 40,0 1.5 10.0 *
18.0 h0.0 4-5 10.0 -
l..O woo 1.0 10.0 -
16.0 00 4.0 10.0 +
1‘{».0 60.0 3.5 15-0 -
12.0 60,0 3.0 15.0 +
6.0 56.0 1.5 14,0 +
10,0 68.0 2.5 17.0 +
8,0 68.0 2.0 17.0 +
12,0 68.0 3.0 17.C +
6.0 68.0 1.5 17,0 -
10,0 1.0 245 1708 -
12,0 71.0 3.0 17.8 -
8.0 7.0 240 17.8 -
13no 68‘0 3!3 1?-0 -

Ju——y
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Table 46

FLAMMABILITY OF MIXTURES OF n=HEPTANE,. AIR AND CHLORODIFLUCROMETHANE
(FREDN 22}
{Total Pressure = 400 mn. Hg)

Pressure, om, Hg Volume. %
n~Calyg QICLF, n-C CHCLF, Result
24,0 16.0 6.0 4.0 -
4,0 16.0 1.0 4.0 +
20.0 2800 5-0 7.0 +
3.0 16.0 0.8 4,0 -
23IO 16-0 5.8 L.O +
4,0 28.0 1.0 7.0 +
21.0 28.0 5.3 7.0 -
18.0 40.0 he5 10.0 +
19 .o woo L.B 10 .0 -
4.0 40.0 1.0 10,0 +
3.0 28.0 0.8 7.0 -
3.0 40.0 0.8 1.0 -
6.0 60.0 1.5 15.0 +
5.0 60.0 1.3 1500 -
12,0 66,0 3.0 16.5 +
13.0 66.0 3.3 16.5 -
1200 &.0 3‘0 17-0 -
10.0 72.0 2. 5 18-0 -
11.0 70;0 2.8 l7t S -
10.0 Nn.o 2.5 17.8 +
8.0 0.0 2,0 17.5 +
16.0 52.0 k.O 1300 -
6.0 68,9 1.5 17.0 -
7.0 68.0 1.8 17.0 +
8.0 71.0 240 17.8 -
4.0 52,0 1.9 13.0 -
15.0 52 40 3.8 134 +
5.0 52 .0 1.3 13.0 *
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Table 47

, AIR AND

n-HEPTANE
CCTAYAUCROCYCLOEUTANE (FC-318)

RIS
(Total Pressure = 400 mm, Hg)

FLAMMABILITY OF MIXTU
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Table 48
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FLAMMABILITY CF MIXTURZS OF n-HEPTANE, AIR AND SULFUR HEXAFLUCRIDE

_Pressyre, mm, HE
n=C 1Y

26,0 16,0
6.0 16.0
27.0 16,0
7.0 16.C
8.0 3£ .0
7.0 32,0
10.0 48.0
9.0 48,0
10.0 6C.0
22,0 48,0
21.0 48.0
11,0 60.C
26,0 32,0
24,0 32,0
12,0 72,0
22,0 60,0
13,0 7240
21,0 6040
20,0 720
21,0 72,0
16.0 82,0
18,0 80,0
18.0 1.0
16,0 1.0
20,0 80,0
4.0 = 8.0
13,0 80,0
21.0 80,0
14.0 £1.0
14,0 82,6
20.0 81.0

Volume ¢

n=CoHyg

-
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Result
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Table 49

FLotwwnBIL1Y OF MIXTURES GF n-HEPTANE, AIR AND
BORONTRIFL4RY L

10.0

16.0

(Total Pressure = ¢u0 mm, Hge)

BF4

8.0
16.0
24,0

8.0
32,0
16.0

100.0
1.0

Volume %

CoHye _

BF,

2,0

FrHEwbwwwrELEaEOEREWm
CMOoOVNMOO0OO0O000O000O0OO0O00O0

2,0
4.0
6.0

BEEEREN
CCOoOOCOQO0OQO

Results
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Table ~.

FLAMMARILITY OF MIXTURES OF n-HEPTANE, AIR
AND PHOSPHCROUS TRICHLORIDE
{Potal Fressure = 400 m, Hg.)

Pressure, mm. Hz, Volume % Results
CoHye PCl, CrHy g PCI;

16-0 2‘6.0 L.O 6-0 +
16.0 48,0 4.0 12.0 +
16,0 52.0 L0 13,0 +
16,0 80,0 4.0 2.0 -
16.0 60.0 llmo 15-0 -
16.0 56,0 4,0 140 +
2DQO 56.0 5.0 lh-o -
12.C 56.0 3.0 14,0 +
12.0 6040 3.0 15,0 +
12,0 64.0 3,0 16,0 +
1240 68,0 340 17.0 +
12.0 72,0 3.0 18.0 +
12.0 76.0 3,0 19,0 +
12.0 80.0 3.0 20.0 +
12,0 88,0 3.0 22.C +
14,0 100.0 3.0 25,C -
12,0 96,0 3.0 24,0 -
12,0 92,0 3.0 23.0 -
8.0 82.0 2.0 22,0 -




Table 51

FLAMMABILITY OF MIXTURES OF n-HEZFTANE, +IR AND

Pressure, mm. Hg.

Colte HC1
12,0 L0WG
12.0 m.o
12.0 120.0
12.0 100.0
12.0 112,0
8.0 80.0
12,0 104.0
4.0 8040
16,0 100.0
16,0 £0,0
8.0 100,0
20,0 4C.0
L.0 2440
24,0 40,0

HYDROGEN CHLOWIDE
(Total Pressure = 400 mm, Hg.)

Volume %
CoHyp HCL
3.0 10,0
3.0 20.0
3.8 30,0
3. 25,0
3.v 28,0
2,0 20,0
3.0 26.0
1.0 20.0
4.0 26,0
4.0 20.0
2.0 25,0
5.0 10.0
1.0 6.0
6.0

10.0

Results

L+ 0+ 0+ +

[ R B I |
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Table 52

FLAMMABILITY OF MIXTURES OF n=HEPTANE, AIR »ND CARBON TETRAFLUORIDE
(Total Pressure = 400 mm. Hg)

Pressure, M. Hg Volume %
n-CoHyg Ery n=-G CFy Result
29,0 8.0 7.3 2,0 +
w.o 800 7-5 2.0 -
28,0 20,0 7.0 5.0 *
29,0 20.0 7.3 5.0 -
2440 36.0 6.0 9.0 +
25.0 36.0 6.3 9.0 -
4.0 4L8.0 5.3 12,0 +
21,0 52.0 5.3 13.0 %
16.0 7200 lluo 18.0 b 4
14.0 84.0 3.5 21.0 +
12,0 92.0 3.0 23,0 %
5.0 100.0 1.3 25.0 2
L0 84.0 1,0 21.v +
4.0 6’4.0 1.0 16.0 b 4
4.0 4dys0 1.0 11.0 "
A.O 20,0 1.0 5.0 k4
3.0 1200 0.8 3.0 -
3.0 8.0 O.B 200 -
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Table 53 i

FLAMMABILITY OF MIXTURES OF n-HEFTANE, AIR AND CARBON DIQXIDE
(Total Pressure = 400 mm, Hg)

Przssure mm. Hg Volume %
nCythe  COp n-CAlhys Oz Result
3-0 l}oo 0.8 1.0 - !l
3.0 12,0 0.8 3.0 - !
3.0 16,0 0.8 4O - !
4,0 22,0 1.0 8,0 . 1
3.0 32,0 0.8 8.0 - 1
L0 64,40 1.0 16,0 - "
is0 80,0 1.0 20,0 * {
6.0 100.0 1.5 25.() * 5
5.C 100.0 1.3 25,0 - i
12,0 116.0 3,0 29,0 . 5
12,0 118,0 3.0 306 - '
16.0 96.0 4,0 24,0 . :
2000 w.O 590 20.0 -
23,0 40,0 5.8 10,0 + |
24,6 8.0 6.0 2.0 -
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Table 54

FLAMMABILITY OF MIXTURES CF ISCBUTANE, IR AND

BROMOTRIFLUOROMETHANE AT -7asg,

Yo,

Cuthhg

Results

CBrF,

L Pl g+ 41 ¢+ + 4+ + 10+ + 0 011+ 010

55000000005555550500000000
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FLAMMABILITY OF MIXTURES OF ISOBUTANE, AIR AND

Table 55

BROMOTRIFLUOROMETHANE AT 26°C

Volume, £
Coin CBrFq
3.5 1.5
3.5 25
5.5 1.0
6.0 1.0
2.0 0
2.5 0
2.5 2.0
3.0 2,0
305 2.0
305 h.O
4.0 4.0
Lo 4O
3!5 3'0
lvho 3.0
3.5 3.5
40 35
4e5 3.5
5.0 3s5
Le5 3.0
5.0 3.0
505 300
6.0 3.0

Results

E L+ 4 0 3 0+ 0 0 10 4%+ 3 Lyt vt
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Table 56

BROMOTRIFLUCROMETHANE AT +145°C

FLAMMABILITY OF MIXTURES OF ISCBUTANE, IR iND

Vclume

Results

CBrF4

3

f{-f,ff--_-—.*...&.40#.’0.1#00—.-*-_-_0-+-++__-__-
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Table 57

FLAMMABILITY OF MIXTURES OF ISOBUTANE, AIR AND
METHYL BROMIDE AT ~78°C

Volume, %

Results

CH4Br

3

L R I I N S U B U R O N I D 2 O BN BN R O B

nwoaQaaqQo, 00000000000000005555
RAPE FL L RNRERHE MR N - N i - S P g e T

50050050500500050050550,50550
[

b.h.“hhl“h55666h~l433233[42233332I4



193.

58

Table

METHYL BROMIDE AT 26°C

FLAMMABILITY OF MIXTURES OF ISOBUTANE, AIR AND

2 X

Volume

Results

CH4Br

1
L)
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£9

Table

METHYL BROMIDE AT +145°C

FLAMMABILITY OF MIXTURES OF ISORUTANE, AIR &ND

F 1 0 0+ 4 4+ 4+ +++ 1 4+ + 1 4+ 001 5 1 0t 4+ 401 %+ %+ 4+ 4410 43 1 8 &

Results

]
i OOOOOOOOOOOOOOCOOO00000000055000,UOOOOOOO..DOO:/

L : .

0600000000000000222141414/0105555.76n!768?878988988

Volume

Q R/:J,u nv:J:Jnu:Jnu:Jp\c)nunvnunucz:):znu:znu:;nunvzzcznu.u nu:/:szzzcznunu:znu,UAU.U.U
g 1¢nu.1.1 9.1¢ﬁ4 1,14LuLonrnlnuo,mw:u:»a;q;:;angQqutu.u:u;u:4;4;4:4;4:)q;qzq;9):u:1:1.u:u
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Table 59(Csnt'd)

_Volume, %

Calin CH4Br Hesults
505 8.0 -
6.0 B.0 -
5.0 74C +
505 700 -
55 €.0 -
6.C €40 -
5.0 5-0 +
545 5.0 -
5.5 3.0 +
6.0 360 +
6.5 360 +
7-0 3.G -
7-0 ZQO +
Te5 2.0 -
T.C 1.G +
7.5 1.0 +
5.C LG +
5‘5 l&.o +
La5 1.C +
L5 3,0 +
6.5 1;.0 -
8.0 1,0 -
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Table gp

FLiMMABILITY OF MIXTURES OF ISCBUTANE, AIR AND

HLOROTRIFLUOROMETH, NE AT -78°C

Volume, %

T O T N 2 2 T T T T T TSR T I O O T I

Results
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Table £1

R +ND

v
-y il

F ISOBUTANZ

CHLORCTRIFLUCROMEHANE T 26°C,

ITY OF MILTURES ¢

b ]
[

nnw;n E{I

Volume

Results
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Table g1 /Cont'd;

Volume, £

Results

* 1 2+ + + 011
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Table &

HI FLUCRCMETHANE T +143°C

£
e

LITY OF BIXTURES OF ISCRUT.Y¥, AIR AKD

CHLLE

N4
4

Py ol

Volume, %

Resuii s

CClF,

Gatly

T4 % 0 1+ 4+ 0 % 11 1 %1 44+ 4+ 4% 1+ 0+ 0 %+ 01011001 4+ 1a) + 1 ¢4+ 410 4 3 4+ + 9
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Table g2 (Cont'd)

Volume, €
CuHin LCIF, Ausults
9.5 0.0 +
1,0 C.C +
6.0 10,6 -
5.C 11.C +
3.5 12,0 +
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Tabtle g3

FLAMABILITY OF MIXTURES OF ISOBUTANE, AIR AND
SULFUR HEXAFLUORIDE AT -78°C

4
O
=

Resulis

SFe
0.0
10.0

3

+ + £ 1+ 0L+ 4+

Q

0

(

[eoReoRw o]
" o o o

(@]
IO QO NN

.0
6.0

4

LK-.O
12.0

<
3+

15.0
10.0
12W

14,0

1

11.0

O

Q

-
(oM
—~

005005005.)0053&05@05

]
35-4.&5&:4&1&1*332 NN YN

[
w3

o~
-

1+ + 01 8

P&+ + 1 1 ¢t

:UOOOOOOOO:/:)OOCOOO
cd A g oo o Nt -
10001. lllllnuOll.:.l

N ANING QNG QINNInGg N

s« & & = o e

SO M NN

.
5.:4

5[42..356 55




Table &4

FLAMMABILITY OF MIXTURES OF ISORUTANE, AIR AND
SULFUR HEXAFLUCRIDE AT 26°¢,

Volume

b+ 0 1 0+ 40 4+ 01 8 4+ 4+ +++ 40+ 1 +++ 4+ 4+ 1 14+ 12 00040134451 011 4414+

Results
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7

Tatle ¢«

£, ATE AND

ULFUR HEXAFLUCRIDE AT +145°C

FLAMMABILATY CF MI(TUHES OF ISQOBUTAN

Hesults

Volume

3
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Table gg

FLAMMARILITY OF MIXTURES OF I[SOBUTANE, AIR AND
CAKBONTETRAFLUORIDE AT -78°C

Volume, &

Results

—
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nwnwnw.ﬂ,nu.nwﬂunw:;:uo.ocnwo. .O00OOOO000..00000000000000000000
WOWW O™ M O Q 0 WM ONONON O 0 N D 0O T -F 3 F ! N - O TN A <O
4t 0111111]11 0 o0 o = i mzll 0 o

005500095500r)Or)r)Or)O5050500055050050555555 nQw
s [ 2 T B ) -»
.b7553355L5L/C56{.566776677887767676566L3:u:...b N aYs




Table g¢ (Cont'd)

Yolume, %

GHie | Ca
2.5 10.0
3.0 10,0
3.5 10,0
245 14.0
3'0 1‘0.0
345 14.0
40 14,0
Le5 14.0
5.0 140
Le5 18.0
5.0 ie.0
Leb 22.0
5.0 22.0
LeS 14.0
Le5 12,0
5.0 22,0
€.0 2240
6.5 22.0
7.0 22,0
Le5 2C.0
5.0 20,0
5.0 20.0
6,0 2.0
7.6 20'0
8,0 20.0
5.C 1%.0
S5e5

19.0

Results

[ IO T T R Y Y T IO Y S RO O TR IO T B Y T B S Y T S S

v ]

&




Table g7
FLAMMARILITY OF MIXTURES OF ISOBUTHVE, AIR AND

CARBONTFTRAFLUCRIDE AT 26°C

Voelume, ¥
Catlig CEa
6.5 10.0
6.5 14.0
6.0 13.0
6.0 16.0
5e¢5 16.0
545 18.0
50 16.0
6,0 15.0
5.5 15.0
L.5 16.0
5.C 15.0
5.C 18.0
4.5 18,0
Le5 20,0
4.0 21.0
L5 21.0
4.5 22.0
5.0 22,0
2‘-5 9.0
3.0 9,0
2.5 13.0
3.0 13.0
2.5 15.0
3.C 15.C
2.5 18,0
3.0 18.0
300 12.0
2.5 12.0
3.0 14,0
3.5 14.0
1.5 0.0
2,0 0.0
4.0 23,0
7.5 4.0
4.0 23.5
Te5 3.0
8.0 1.0
8.0 2.0
8.0 3.0
7.0 4.0
7.0 6,0
7.0 8.0
6.5 8.0
6.5 11.5
600 12.0
6.0 4.0
5.0 3.0
5.5 5.0
5.0 2.0

Results

I+ 4 % 1 + 0 % 4+ 1 00443 %1 0 4%+ 00+ 8+ %+ 0t 4011 %5 ++ 000100108+
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7 stla &8 .
FLAMMABILITY OF MIXTURES OF ISBUTANE, AIR AND

CARDONTETRAFLUORILE AT +145%.

Volume, %

Results

CFy
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Table 69

FLAMMABILITY OF MIXTURES OF PENTANE, AIR AND METHYLENF, DIBROMIDE
(Total Pressure = 400 mm, fg)

Pressure, mm. Hg Volume % . Result
CgHy 2 CHpBr, Celiz - CHgBrp
7/
12 24 3.0 6.0 +
8 8 2.0 2.0 +
12 32 3.0 8,0 +
6 8 1.5 2.0 -
12 28 3.0 7.0 -
24 12 6.0 3.0 -
12 22 3.0 5.5 +
12 26 3.0 6.5 -
10 26 2.5 6.5 +
14 24 3.5 6.0 -
lo 28 205 7.0 -
18 16 4-5 4.0 -
8 26 2.0 605 -
18 12 4.5 3.0° +
8 16 2.0 4.0 +



Table 70

FLIMMABILITY OF MIXTUR.S OF PENTAMNE, AIR AFD HBRO¥O-

TRIFLUORGIETHANE
(Total Pressure = 400 mm. Hgj
—Yolume, & Result
Cellyz CF3Br Celly 2 CF3Br -
12 16 3.0 G40 +
16 16 4,0 3.0 .
iz 22 3.0 5.5 N
16 20 4.0 5.0 .
12 26 3.0 5.5 -
16 26 4.0 8.5 -
10 24 3,0 60 +
1: 24 .5 6.0 .
10 24 2.5 6.G -
14 26 3.5 6.5 -
8 20 2.C 5.0 -
16 24 4.0 6.0 -
B8 16 2.0 4.0 -
20 20 5.0 5.0 -
10 16 %5 4.0 -
20 16 5.0 4.0 -
10 13 2.5 3.5 +
20 12 5.0 3.0 +
8 12 2.0 3,0 -
2o 8 5.0 2.0 +
8 8 2.0 2.0 -
20 i 5.0 1.0 +
8 i 2.0 1.0 .
20 0 5.0 0. -
os 12 6.0 3:0 -
24 8 6.0 o1 -
2% : 6.0 150 .




210,

Teble 73

FLAMMABILITY OF MIXTURES OF FENTANE, AIR ~ND ETHYL BROMIDE
{Tota! Pressure = 400 mm, Hg)

Pressure, mm, Heg, Volume, 4% Hepult
Cail CoHgBr 055129 C HgIr
12 16 3,0 4.0 +
12 24 3.0 6.0 -
12 28 3.0 7.0 -
lz 20 3.0 5.0 -
12 28 3.0 5.5 -
12 28 3.0 4.8 -
16 20 3.5 5.0 +
10 £2 2.5 5.5 +
& 12 l-o 3.0 -
10 24 0.5 6.0 +
é 12 1.5 3,0 +
8 26 240 645 +
6 18 1.6 1.5 +
10 26 2.5 6.5 -
6 HLS) 1.5 6.5 -
8 30 2.0 7.5 -
12 22 3.0 2D -
8 28 2.0 7.0 -
16 10 4.0 2.0 +
22 + 5.5 1.0 +




Table 72 211,

FLAABILITY OF MIXTURES OF PENTANE, AIR «~ND KETHYL BROMILIE
{Total Pressure = 400 mm. Hg)

—S0hune B Reouls
CaHyp CligBr CeHy 2 ChzBr
4 12 1.0 3.0 -
28 12 7.0 3.0 -
6 12 1.5 3.0 -
24 12 §.0 3.0 -
8 12 2.0 3.0 +
iz 2x 3.0 640 +
20 2 £.0 3.0 +
127 a» 3.0 8,0 +
3] 12 5.5 3.0 -
2 ‘t 3 -C 8.5 -
16 4 4.0 6.0 +
10 52 AR 8.5 +
18 P &5 6.0 -
3] 3¢ 2.0 9.0 -
8 PACH 2.0 6.0 +
8 32 2.0 8.C¢ +
€ 2" i.5 6.0 -
8 345 B.C‘ 855 -
10 S 2.5 8.5 -
10 35 245 8,75 -




FLAMMABILITY OF MIXTURES OF PENTANE, AIR AND SULFUR

Cely 2

i2

16
12
16
25
14
18
18
14
10
20

2z
10
24

26
24

i
SF

72
76
70
76
76
74
7L
78
72
80
56
66
35
oL
3&
52
32
24
2%

Table 73
HEL FLUORTIE
[Total Pressure = 400 mm, Hp)
Volure, &
Cefl2 CFy
3.0 18,0C
4.0 19,0
3.6 175
&0 19.%
5.0 19,0
3.8 19,0
4.5 19,0
3.5 13.5
4.5 18,0
3.5 20.0
2.5 14.0
5.0 17.0
2.0 8.0
5.5 13,0
2.5 8.0
6.0 13,0
1.5 B.,6
7.0 6,40
6.5 6,0
6.0 6.0

24

Result

I+ + 1 + 4 1 ¢ +}

+ <+ + 3
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FLAMMWABILITY OF MIXTURES OF PEATANE, AIR AND CLRBOY

Table 74

TETRAFLUORLDE

{Total Pressure = 400 ma, Hg)

Eressure, ag, Hg

Colly 2 CF,
12 72
14 72
12 ac
13 80
12 76
H Be
18 80
14 a7
18 e
14 az
18 6G
10 72
18 82
10 &c
10 82

6 40
16 72

) &8

8 [a)

4

Yo
Cely

——————

A

3.0
38
3.0
3.8
3.0
.b
0

»

A i~

lb
4.5
(34
1.5
(3]
5
615
2.5
«D
0

5

»0

S S ]
] n

jaC I S

CK,

————

18,0
18,0
£0,U
20,0
19,0
22 o0
20,0
21,0
1L
20.5
15.0
18,0
13.0
5,0
15,0
10.0
13.0
740
79

Result

+
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2ls.
Table 75

FLAMMABILITY OF MIXTURES OF HENZENE, AIR »D METHYLENEDI!Z . 'L F
{Total Pressure = 400 mm, Hg)

Pressupe, mm, He, Volume, % Resylt
CGHQ C.’":T}Ta CGHG mznrg
£ U 2.9 0 +
o 28 3.0 7 +
36 O " .‘:. (J ¥
12 30 3.0 7.5 -
8 12 2.0 5.0 +
1o 2n 2.9 7.0 -
3 b 1.C 3.0 -
14 28 3¢5 7.0 -
6 12 1,8 3.0 -
26 4 ¢.,0 0 -
8 20 2.0 5.0 -
Ze ) g .5 O L]
18 20 4.5 9.0 -
10 20 245 .0 -
16 20 2.0 5.0 -
12 20 3,0 5.0 +
4 20 3.0 540 +
18 o 4.£ Je0 +
22 12 55 340 -
20 12 S.v 340 -

A &



FLAMMABILITY OF MIXTURES OF BHENZAIE, AIR ~ND BROMOTNI-

Lresgure, mm, Hg
Cabig CErF,
12 20
16 20
26 20
16 16
24 20
16 18
18 18
20 16
18 16
14 16
14 18
12 16
10 14
10 16
12 18
10 18
18 14
22 12
26 10
3o 6
28 12

Table 76
FLICROKETHANE
{Total Pressure = 400 om. lg)
Volume, 4
CeHe CRrf.,
3.0 5.0
140 5.0
5,0 5.0
.0 440
6.0 8.0
‘.tco "on
4,5 T¢H
D.O -,.O
4.5 440
5.5 4.0
345 14D
3,0 440
2.5 3.5
2.5 4,0
3.0 4.5
25 4e0
25 3.5
5.5 3.0
7.0 2.5
8,0 1.5
740 3.0

Reonlt

I+ 1

+ + + 1 + 01t +

4+ + + 4+ + 1
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Table 27

FLAMMARILITY OF MIXTURES OF BENCENE, AIR AMD ETHYL RROMIDE
{Total Pressure = 400 mm, Hg)

Eresoure, pm. He —Volyme, & Repylt
CaHg Coig Br CgHeg Cplg Br
12 24 3.0 6.0 .
12 32 3.0 8.0 -
12 8 2,0 7.0 +
12 30 3.0 745 -
10 Ay 2.5 7.5 °
14 {3 5.5 7 .5 -
i 2.5 £,0 N
16 . 4,0 6.0 +
10 34 2.5 6.5 -
25 25 5.0 5.0 -
8 4% 2.0 8.5 -
24 6.0 3.0 -
B 26 2.0 6.5 -
18 0 %45 5,0 -
16 2€ 4.0 545 -
20 10 5,0 2,5 +
8 14 2.0 3.5 +
32 0 8,0 0 +
6 14 1.5 3.5 +
& O 1.0 0 -
6 0 l -5 0 -
4 14 1.0 3.5 -
8 0 2.0 o -
12 o 3,0 0 +

g o
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Tadle 78

FLADLBILITY OF KIXTURES OF BENZERE, AIR A1iD KETHYL BROXILE
(Total Prussure = 400 mm, Hp)

Pressyre, mm, Hy v Result
Cotls CHaBr Cotls Clizhr

12 24 3.0 6,0 L4
a3 1€ 2,0 4,0 -
12 32 3 Qo 8 .0 *
10 16 2.5 4,0 .
12 40 3.0 10.0 -
8 8 z oo 2 no -
b 36 3.C 2.0 -
4 16 6.0 4,0 +
12 34 3.0 8.5 -
28 16 7.0 4.0 -
14 32 3.5 8,0 -
32 10 8.0 2.5 +
10 32 2.5 8.0 +
2 1% 6.5 4.0 -
8 2 2.0 8 00 -
16 24 4.0 6.0 v
10 34 2.5 8.5 -
18 4 4,5 €.0 -

7 e
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Table 79

FL-MABILITY OF MIXTURES OF BENZENE, AIR .NU SULFUR HEXa-
FLUORIDE
(Total Pressurce = 400 mm, Hg)

Eregaure, oz, lig —Nolulg. & Besuly
CeHg SFg Calle Lfg
16 Ho 4.0 20,0 -
12 80 3,0 20,0 -
10 80 2.5 20,0 -
12 75 el 19.5 -
10 75 2.5 19.0 -
12 74 3,0 18,5 -
10 72 2,5 18,0 -
12 70 3.0 17.¢ -
10 70 2.5 17.5 -
12 66 3,0 16.5 -
10 62 2.5 15.5 -
12 58 3.0 14.5 -
16 58 4,0 14 .5 +
20 S8 5,0 14,5 +
16 70 9.0 17.5 -
20 64 5.0 16.0 +
16 66 9,0 16.5 +
20 66 5.0 16.5 +
14 64 3,5 16,0 +
20 72 5.0 18,0 -
14 68 3,5 17.0 -
20 62 5.5 17.0 +
18 7¢ 4.5 17.5 +
24 68 6.0 17.0 +
18 74 4.5 18,5 -
26 68 6.5 17.0 -
24 72 6.0 18,0 -
12 7o 2D 18,0 +
12 48 3.0 12,0 v
10 24 2.5 6.0 +
28 52 6.5 13.0 .
8 24 2.0 6oV -
30 52 745 13,0 -
30 -8 7.5 7.0 +



Table 80

FLAMMABILITY OF MIYTURES OF BENZENE, AIR

3
i4
12
14
12
14
14
12
1
16
18
10
16
10
20
24
28
28
2

S

o

o]

L, HE
CFg
76
8¢
80
88
88
62

»

%

90
88
60
80
8c
64
64
48

&

48
64

ATy
&k

TETRAFLUORIDE
{Total Pressure = 400 mm, lig)
Volume, &
CeHe CTq
3.5 19.0
3,0 20.0
3.5 200
3.0 22.0
345 22,0
Fe5 23,V
3.0 21 .0
3.5 22.5
440 22.0
44D 2C.U
2.5 20.0
4.0 20.0
2.5 15.0
9.0 16.0
6.0 12.0
7.0 10.0
7.C 12.0
649 16.0

C.RBON

Resault

+ + 1 + 0 ¥+ ¢+ »

- + + + 4+ |
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Table g]

FLADGBILITY OF MIXTURES OF ETHANOL, - IR ..D METHYLENE

LIBROMIDE
{Total Pressure = 400 anm, ig)

Pregsurg, my, Hp Volume £ Result

12 8.0 3.0 +
20 8,0 5.0

28 7.0 7.4< -
24 8.0 6,0 -
22 8.0 5.8 -
22 7.0 5.5 =
2C 8.5 5.0 -
20 7.5 5.0 *
16 7.0 4ot +
22 7?45 545 +
10 5.0 2o -
24 7.8 640 -
12 6.0 3.0 -

s
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Teble 82
FLAKMBILITY OF MIXTURES OF ETILWNCL, AIR 01D BROUC-

TRIFLUSROME T KE
{Totol Presaure = 400 mm, Hg)

s ¥ Volume, % Zosult
Cphie0H CF4Br CohgOh CFaBr

28 PV 7.0 5.0 -
32 £0 B,0 5.0 -
o8 16 7.0 140 -
32 16 8.0 4,0 -
36 16 9,0 %oV -
36 14 9.0 3.5 +
32 14 8.0 3.5 -
40 14 10,0 3.5 -
34 14 8.5 3.5 -
38 14 9.5 35 -
4Q B 10.0 0

32 lu 8,. 2.5

40 10 10.0 245 -
32 6 8.0 1.5 -
40 & 10.0 1.5 -
32 4 8.0 1.0 -
40 4 1¢,0 1.0 -
32 0 8,0 0 +
40 2 10,0 0.5 +
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Teble g3

FLIMMABILITY OF MIXTURES OF ETH/NOL, AIR .MD ETHYL BPOMIDE
{ Total Pressure = 4GO mm, Hg)

Pressure, mm, He Volune % Result

ColigOH  CpligBr CoHgOH  Cpll.Br
22 12 B.Q 3.0 +
32 20 8.0 5.0 +
o2 24 8,0 6,0 -
32 22 8,0 5,5 -
30 22 745 5,8 -
Je 22 8.5 5.5 -
28 20 7.0 2,0 +
36 2C 9.0 5,0 -
28 22 7.0 5.5 -
24 20 6.0 5,0 -
22 16 5.5 440 *
20 12 5.0 3.0 +*
20 8 5.0 2,0 +
26 20 6.5 6,0 -
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Table 84

FL MM.BILITY OF MIXTURES OF ETHANCL, IR MDD METHYL BROMIDE
(Totel Pressure = 300 mm, Hg)

¢S8UrG, Mh, | Volume, % Rosult
CoHg CH Tilallp C pHgOH CH3Br
12 24 3.C H40 -
32 2a 8.0 6.0 +
u2 28 8.0 7«0 -
20 32 5.0 8.0 -
20 28 5,0 7.C -
28 28 7.C 7 oV -
20 20 5.0 Sev -
32 26 8 .O 6 05 -
36 26 9.0 6.5 -
8 2 7.0 6,0 -
20 2 5.0 3.0 -
40 % 10.0 3.5 -
28 20 7.0 S0 +
36 14 9,0 Jed +
36 22 9.0 5.5 -
24 16 6.0 9.0
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Table g5

FLOMMLBILIYY OF MIXTURES OF ETHAMOL, AIR ..ND SULFUR I'™XA-
FLUORIDE
(Total Pressure = 400 mam. Hg)

——Yolume, % HEosult
CoHg OH S¥g CoHg OH SFg
20 64 5.0 16,0 -
20 16 5.0 4,0 -
32 64 8.0 16,0 -
24 16 6.0 4,0 -?
32 48 8.0 iR.0 s
B8 16 7.0 o0 *
32 32 8.0 8.0 «?
48 12 12.0 4.0 *
32 '; O 8 . O lo ] '\-J -
32 36 8.0 9.0 +
28 7€ 7.0 9.0 +
28 40 7.0 10.0 +
24 40 6.0 10,0 -
2¢ 16 6.0 4.0 +
28 4 7.0 11.C -
40 22 16.0 8.C -
56 16 14.0 4.0 +

- e e e




Table g¢

FLAMMGBILITY OF MIXTURES OF ETHANOL, AIR D C,.RBON-
TETRAFLUORILE
(Totel Pressurc = 400 wa. ig)

csg ) —_Volume, 4 kesult
CoHgOH CF, CoHgGH A
2C 80 5.0 2040 -
24 80 6.0 20,0 -
2b 80 7.0 20,0 -
32 80 8,0 20,0 -
28 74 70 18.5 -
32 76 8.0 19,0 *
28 68 7.0 17.G -
32 78 8,0 19.5 +
28 60 7.0 15,0 -
34 78 8.5 19.5 +
36 80 9.0 20,0 -
24 32 6.0 3.0 -
34 80 8.5 20,0 -
28 32 7.0 Bl -
36 72 9.0 18,3 -
3C 32 7.5 8.0 -
36 56 9.0 14.0 +
30 6C 7«5 15.0 +
40 40 10.0 10.0 +
3C 32 7.5 8,0 -
44 40 11.0 1J.0 -
32 32 8.0 Beu -
30 78 7.5 19.5 -
36 32 9.0 840 +
3C 68 7.5 17,0 +
20 0 5.0 G -
32 12 8.0 5.(-/ +
28 0 7.0 0 +
24 0 6'0 0 +
28 8 7.0 2,0 +
ez 0 5.5 0 +
o4 b 6.0 2,0 -

'S



Tadle gy
FLAMMABILITY OF NIXTURES OF DIETHYL ETHER, IR /ND METHYLENE
DIEBKGMIDE
(Total Pressure = 4<Q0 mm. Iig)
egn Volune, # e
(CoHg )20 CHpBrp (CoHg )0  CligBry

12 10 3.0 a0 ¢
12 24 3.0 £ 40 +
12 28 3.0 Y *
12 32 3.0 8,0 -
12 36 3.0 940 -
12 30 3.0 745 -
10 30 245 745 -
14 30 3.5 745 +
10 2% 2.5 6.0 -
14 32 3.5 8,0 -
10 16 2.5 4,0 +
1¢ 30 4,0 7.5 -
g4 2C 6.0 5,0 -
24 12 6.0 534G +
18 24 4.5 6.0 -
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Table gg
FL.BL.BILITY OF MIXTUREC OF LIETHYL 7:Liy, »IR ..ND FROUOTRI-

FLUCROMETILNE
{Totel Pressurc = 400 mr. Hg)

Tresoure, mom, He Yoluz: &£ Result
(Cyolig )20 CFalir (Cailg ) - F4T
12 o 3.0 540 -
15 20 4.0 5.0 +
20 20 5.0 5.0 +
16 24 4.0 6.0 +
20 2a 5.0 6.0 -
16 8 2 eV 7.0 -
16 32 4.0 7 & -
14 g1 3.5 640 -
16 26 4.0 Geir -
18 24 4.5 6540 +
12 16 30 G o0 -
18 26 4.5 540 -
12 12 3.0 3.0 -
20 22 $.0 5.9 +
12 8 3.0 2.0 +
24 3O 6.0 L8] -
14 22 3.5 5165 -
24 16 6.0 4.0 +
1la 16 5.5 3.0 +
28 12 7.0 3.C +7
32 1¢ 8.0 2.6 -
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Teble g9

FLAL\BILITY OF MIXTURES OF DIETHYL ETHER, IR .ND ETHYL
BROMIDE
(Totel Pressure = i(C =m. Hg)

63 . Vol i, % Resulv
{CoHg )20 Collx (CaHg ¥l C.TigBr
12 24 3.0 (39 +
8 1C 2,0 2.5 -
12 28 3.0 7.0 -
16 1C 2.5 ) +
16 32 4,0 8,0 -
18 i 4.5 64,0 -
16 B 4,0 7.0 -
16 24 GV 6,0 -
10 20 245 Hev +
14 HEA 3.5 £40 -
10 24 2.5 6.9 +
12 o 3.0 6.5 -
10 26 2.5 645 +
28 12 5.5 3.0 +
10 8 2.5 7.0 +
24 12 6,0 5e0 +
10 30 2,5 7D -
26 12 6.5 LAY *
26 12 6.5 540 +
28 12 7.0 3.0 *
32 L2 8.0 Se0 +
36 12 9.0 $a0 -
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Tedble 9p
FL MM, BILITY OF MIXTUREC OF DIETHYL ETHER, IR ~ND
METHYL BROMIDE
{Total Precsure = <CJ mn, Hg)
Pressuro, ma. BR. — Voluac & Result
{Callg)z0  CHaOr (Calip }pr Gk

12 P 9.0 Seli

36 12 9.0 3,0 +
8 12 2,0 el -
38 12 9.5 2,0 -
1C 12 2.5 3.0 -
12 21 3.0 6.G +
12 36 3,0 9.0 -
1z %+ 3,0 11.0 -
i 32 3.0 8,0 -
.l; 30 3.5 7|b hd
2 28 2,0 7o +
s 26 <.0 645 -
12 30 3.0 74D -
&0 25 6.25 606 +
1° 20 440 Sl +
L. 20 €.0 5.0 +
36 16 9.0 40 -
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Table 9}
FLAMMARILITY OF MIXTULER OF DIETHYL FTHER, IR /ND SRR
HEXLFLUJRIDE
(Total Pressurc = 400 mm. Hg)
eRBuUTS PR Volune, 4 Result
(Collg )0 SFe (Colg)z0 GFg

- 40 5.0 10,0 +
10 12 wad 3.0 *
20 56 5.0 14,0 *
0 72 oW 18,0 *
12 56 5.0 14,0 +
20 80 5.0 20.0 +
12 76 3.0 19,0 -
2¢ 88 5.0 22,0 -
12 68 3.0 17,0 -
20 84 5.0 21,0 +
12 86 3.0 16.5 -
2. 86 5.0 2145 +
12 60 3.0 15.G. -
24 84 6,0 21.0 -
16 76 4,0 . 14,0 +
b2 76 6.0 19,0 +
36 4t 9,0 1240 -
32 48 2.0 12,0 -
22 88 5.5 22.0 -
28 48 7.0 12.0 *
18 88 4.5 22,0 -
36 16 3.0 4,0 +
16 B4 4.0 ZlaU




Lc) BN

Teble go
FLAMMABILITY OF MIXTURES OF DIETHYL ETHER, AIR AND CARBON-

TETRAFLUORILE
(Total Pressure = 400 mm, Hg)

Iressure, mu, g Volume, % Regult
{Co¥g) 10 CFy (CoHe ) .0 CF,
10 16 2.5 4.0 +
38 16 $.5 4.0 -
8 15 2.0 4.0 -
34 1€ 8.5 4.0 -
14 26 3.5 £.5 +
30 16 75 4o +
10 26 2.5 6,5 +
26 36 6.5 J.u +
10 36 2.5 ¥, U +
30 36 7. e +
10 44 245 lico -
28 60 7.0 18 .U -
12 52 3,0 13,u +
4 60 6.0 15,6 -
12 80 3.0 20,0 -
22 60 5.5 15,9 +
16 80 4,0 UV +
20 80 5.0 19,0 +
16 84 4,0 21,0 “
38 0 9.5 +
16 ea 4,0 22.0 -
14 B34 34D 21.0 -
18 84 4.5 21,0 +
20 £4 5o 21,0 -
18 £ 4.5 22.0 +
18 30 4.5 224D -
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Teble gz
FLAMSABILITY OF wIYTURES OF ACETO'F, AIR AND METHYLENE-

DIBROMIDE
{Total Pres.cure = 400 mm. He

Pregsure, mm, He — . JYelune, 4 Result
CH3COCH Sk, Ny, CH,COCY,  CH,Br,
— —==
22 16 5.0 4,50 +
£0 20 5.0 5,0 +
1% 16 4.0 4.0 +
20 24 5.0 €.0 -
12 16 3.0 4,0 -
2 22 5.0 545 +
16 29 4.0 5,0 -
18 22 4.5 L5 +
28 e 5.5 5.5 +
18 o4 4.5 640 -
22 24 5.5 640 -
24 22 6.0 5.5 -
12 12 3.0 3.0 -
28 1¢ ?.C 440 -
28 1a 7.0 345 +
36 3] 9.0 240 -

-




Table 91
FLAMMARILITY OF MIXTURLS OF ACETONE, AIR AND BROMOTRI-

FLUORQUETHANE
{Total Pressure = 400 mm. lg)
Pressure, mm, Hg Velume, & Result
CH:COCHl CF,Br CHLCOCHS CFaBr
“l 20 5.0 5.0 -
24 20 6.0 5.0 -
20 16 500 "ll +
24 16 &.G 4,0 +
a0 18 5,0 4.5 -
P4 16 €.0 te +
24 18 €.0 4,5 -
28 16 7.0 4.0 +
28 20 7.0 5.0 +
28 22 7.0 5.5 -
32 20 8.0 5.0 -
26 20 0.9 5.0 -
30 20 7.5 5.0 -
16 186 4,0 4.0 -
52 16 8,0 4,9 +
16 12 4.0 o0 -
36 14 9.0 5eS -
16 8 4,0 0.0 -
16 4 4,0 1.0 -
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Table 9%
FLAMMABILITY OF HIXTURES OF ACETONE, AIR AND ETHYL BROMILE
{Total Pressure = 400 am, Hg)
I'recsure, mm, He, Volume, % Regult
CHsCOCHix CoHgBr CHaCOCH;  CoHgBr

20 15 5.0 440 -
20 20 5.0 5.0 ¢
16 20 1.0 5.0 +
20 P2 5.0 6.0 -
16 2% 4.C 6,0 -
20 22 5.0 5.5 -
18 22 4,5 5.5 -
14 bo 305 5.0 +
24 20 6.0 T -
14 82 35 B +
16 22 4.0 0.8 +
14 24 3.5 Ol -
28 16 7.0 e -
28 12 700 e +
32 8 0.0 260 +
32 12 8,0 3.0 -~
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Table gg

FLAMMABILITY OF MIXTURFS OF ACETCONE, AIR AMD METHYL BRCMIDE
(Totel Pressure = 400 mm, Hg.;

DPcd. UL, [ e ligde Volume, % Result
Cl’léCOCha C:{SBT CﬁsCOCHg CH3BI‘

1z
16
32
14
41
16
48
14
20
52
1%
12
20
2%
20
16
20
28 2
36 14
28 2

32 14
28 16
o2 8
22 20
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Tnble g7

FLAMMABILITY OF MIYTURES CF ACETONE, AILN ~5D CULPHUR HEXA-
FLUORIDE
{Total Pressure = 400 mn, da)

Pressure, mm. He Volurz, & Result
C1"3C0CH 3 £Fg CHCO0H; _Sia

20 20 5.0 9.0 +
14 12 3.5 3.0 +
20 28 5.0 70 +
12 12 3.0 240 *
20 36 6.0 9,0 +
10 12 2.5 3.0 -
20 64 5.0 16.0 +
20 72 5.0 18,0 -
12 36 3.0 9.0 -
16 36 4.0 9.0 -
20 68 5.0 17,0 -
22 64 5.5 16,0 +
18 64 4.5 16,0 -
24 61t 6.0 16,0 -
16 36 4.0 9.0 ¢
22 €8 5.5 17,0 -
18 52 4.5 13.0 -
24 52 6.0 12,0 +
18 40 % 05 10 00 -
26 52 6.5 13.b +
18 32 4.5 8.0 -?
30 o2 7.5 13.5 +
18 16 4.5 4.0 -7
36 60 8.0 15.C +
44 48 11.0 12,6 +
18 16 4.9 4.0 +
4z 52 11.0 13,0 -
18 24 4.5 6.0 +
40 60 1C.0 15,0 +
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Table g8
FLAMMABILITY OF MIXTURE: OF ACRTONE, AIR AliD CARBON TETHA-

FLUCRILE
{Total Pressure = 200 mm. Hg)

Pressure, mm, He. Volume, % Result
Ch370CH Cis CHCOCH- [T
20 72 5.0 18,0 -
16 72 4.0 1-.0 -
24 72 €.0 18.0 -
20 é&: 5.0 1640 +
20 68 5.0 17,0 -
z4 68 6.0 17.C +
8 78 7.0 18,0 +
i 72 8.0 18,0 -
28 76 7.0 19,0 -
32 (&3] 8,0 17,0 -
28 74 7.0 1845 -
3z 64 8,0 16.0 -
14 48 3.5 12.0 -
32 56 8.0 14,0 -
14 40 3.5 10.G -
32 28 8.0 12,0 +
16 40 4.0 10.0 +
36 44 2.0 11.0 -
40 40 10.0 10.0 -
36 36 9,0 3.0 -
36 28 9.0 7.0 +
26 7% 6.5 18.% +
26 76 6.5 19.C -
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Table aqg
FLAMMABILITY OF MIXTURES OF ITIYL ACETATE, AIR AT VETHYLENE-
LIBROMIDE
{Total Presaure = 400 am, Hg)
Pressyre, mm, Hg Volume, 4% Regult
CHxCO0,C ol CH,Brs CHaCO:CoHe  ilgira

16 0 44,0 6] +
12 v} 3.0 0 +
38 0 9.0 0 .

[ ] 2,0 0 -
14 0 11.0 0 .
10 0 2.5 C -
36 20 9,0 5,0 -
12 1z 3,0 3,0 -
36 12 9.C G0 -
14 12 3.5 240 -
26 4 9.0 1.C -
1€ 12 4.0 3.0 -
36 2 9.0 0.5 +
16 16 4.0 Lal -
16 20 2.0 50 -
24 16 6.0 2.0 +
28 16 7.0 4.0 -
24 20 6,0 5.0 -
26 12 7.0 340 +
20 18 5.0 445 -
24 18 6,0 T -
20 12 5.0 3.0 +
22 1¢ 5.5 1 00 +
16 8 .- 2.0 -
22 18 5.0 2 -5 -
32 6 8.0 1.5 +
20 16 5.0 1.0 +

a7




209 .

Table 1C0
FLAMMABILITY OF MIXTURES OF LTHYL ACETATE, AIR AND BROMO-
TR1FLUOROMETHANE
(Total Pressure = 400 zm. Hg)

Pressure. mm, He Volume, # Result
16 24 5,0 -
12 4 1.0 -
16 16 4.0 -
ot 4 1.0 +?
24 16 4.0 -
3z 8 2.0 *
20 1z 3,0 -
M le 3,0 +
16 3 8,0 -
32 16 8.0 340 -
26 16 9.0 4,0 -
32 24 8,0 6,0 -
30 4 7.5 3.5 +
36 12 9.0 3.0 -
30 16 ) te0 -
28 16 7.0 4.0 +
26 16 6.5 440 .
28 18 7.0 445 -
26 18 6.5 ) +
26 20 6.5 560 -
& 14 6.0 SeD +
20 8 5.0 2.0 +
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Table 101
AMGABILITY OF wWIXTURLS OF ETHYL ACETATE, ATR AND ETHYL
BROMIDE
(Total Pressure = 400 mm, iig,)
Pregsupre, mm. Hg, Volume, % Result
CHaClgCaltis CallsBr  GCH3CO.CiHy  CofleBr
2% 16 6.0 4.0 *
24 20 6.0 5.0 -
28 18 7.0 4.5 -
24 18 6.0 445 -
16 10 G oJ 245 +
20 16 5.0 440 +
12 4 3.0 145 *
20 18 5.0 4% 45 -
12 10 3.0 245 +
16 16 4.0 a0 +
28 16 7.0 4.0 +
15 20 4.0 5.0 +
32 16 g.0 <G -
16 24 4,0 6.0 -
12 20 3.0 5a0 +
16 2 4.0 T35 +
12 22 3.0 Se +
14 24 3.5 640 -
12 24 3.0 6.0 +
36 10 8.0 2o -
12 26 3.0 6.5 -
36 [ 9.0 1.5 +
48 0 12.0 0 +?
&2 0 13.0 0 +?

[REE—
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Table 102

FLAGWBILITY OF MIXTURES OF ETHYL ACET.IE, .1k .2
METHYL BRO.IDE
{Totel Pressare = 400 mm. ng)

“ressure, mm, He Volune, 2 Result
CHEaC02Ca" e CHBr GisCugCate CHaBp
2 29 6.0 S.0 *
20 20 5,0 5,0 +
24 22 €.,0 5.5 -
20 22 5.0 5.5 -
18 22 445 55 +
20 21 TS 5,0 +
12 8 3.0 2.6 -
18 26 4.5 0.5 +
14 8 3.5 240 +
18 28 4.5 7 .G -
14 16 3.5 G U +
16 28 2.9 7.0 -
14 22 3.5 5Hh,EB -
16 26 4.0 5.5 -
3z 1& 8,0 e -
28 23 7.0 5.0 -
32 13 8.0 3.5 -
32 10 8,0 2.5 -
32 5 B.o 1.5 +
28 12 7.0 3.0 +
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Table 103,
FL. ML BILITY OF MIYTURES QF LTHYL ACZT~TE, IR AND SULFUR
HEXAFLUORIDE
{Tetel Pressurc = 400 mm. He)
Pressure, mm. Hg Volumg, & _ Result
ClisCO,CoHs SFa CHaCO-CoHe £Fs
12 24 3.0 6.0 -
HE 24 6.0 6.0 +
1z 12 z.0 340 °?
24 32 6.0 8,0 +
12 12 5.0 340 -
24 <0 6.0 1040 +
14 12 3.5 3.0 +
24 13 €.0 1< .0 -
16 24 4.0 6 ov +
He 8 €.0 12.0 +
18 40 (%) 1l0.U ¢
T 24 10.0 6.C -
24 52 6.0 15.0 +
2 2% 8.0 5.9 +
20 52 5.0 13.0 +
<8 58 7.C 13.0 +*
28 o2 7.0 13.0 +
20 56 5,C 14,90 +
b 50 5.0 15.0 +
e H ia 8,0 11.0 -
20 68 5.0 17.0 -
36 24 9,0 6,0 -
20 64 56U 16,0 -
16 56 2.0 14,0
16 64 4.0 lo.
16 68 4.V 17 43
12 64 3.9 16,V
16 72 4.0 18 ,,u
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Table 104

FLAMVABILITY OF MIXTURES OF ETHYL .CET..TL, R iND CAiRBON
TETR.FLUORIZE
{Totrl Pressure = 400 mm, Hg)

Pressupe, mm. He Volumg, % Result
CH3C04CaH CF, ClisCUgCailg CFa
20 72 5.0 18.0 +
by 72 6.0 18.0 -
16 72 4.0 1B.0 +
L9 76 5.0 190 +
@0 72 Je0 1840 -
2u 8C 5.0 2.,C +
16 76 PV 13,C +
20 84 5.0 21,0 +
16 80 4.0 206U -
20 88 5.0 220 -
z 56 2.0 14,0 -
iz ac 3.0 10,0 -
2C 86 5.0 21,8 -
14 4C 3.5 1G.G =
18 84 4.5 2l.U -
22 84 5.5 £1.0 -
24 O 6au 16.u +
26 60 740 15,0 -
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Table 105

FLAMMABILITY OF MIXTURES OF n-HEPTA!NE, AIR, TRIBROMOFLUORO-
METHANE ,.ND MLTEYLENE DIBROMIDE

400 mm. Hg)

{Total Pressure

Result

Volum: %

CH,Br,

mm. H

Pregsure

Cti; s CH

CFBra

C¥Br~ Colyp

r

A S B O B L T I D D O R T T S G S e

Te w0 w0
25557552750002070755

212121222121111010 Uo

e} 9] 0 n Ted e} 0
nbr0557552750002ﬁu707b5

* ° & e = & e e & e

2121&21226&12111101000

0005055555505002&5000

® ® ®» ®© ® & o e ¢ ¢ * o s @

3232342335»&615252525

N
96m61609168445434322

[ B ~—~

CWOVAHVOPHVDOPFIFN I AN
~ ~H o~

12
10
14
14
22
18
24

6
20

8
22
10
20

8
20




245,

Table 106

FLAKLABILITY OF KIXTURES OF n~HEPT.HE, Alll, :ETHYLENE DIBROMIDE
AND PERFLUORQETHYLCYCLQHEXANE
(Totul Pressure = 40v ma. Hg)

ess . H Volume % Rusult
Lol s CUHBrz: Colig Colizs CHgBrp CaFie
12 14 14 Juw 3.5 3.5 -
12 10 10 Jev &eD 245 +
8 6 6 2.0 1.5 1.5 +
12 12 12 3.0 3.0 3.0 -
4 6 6 1.0 1.5 1.5 -
12 11 11 3.0 2.75 2.70 -
6 6 - 1.5 1.6 1.% +
10 10 1o 2.5 2.5 2.5 +
22 6 { 5.5 1.5 1.5 -
16 8 12} 4,0 2.0 2,0 +
14 19 lu 3.5 2.5 2.5 +
16 10 10 44,0 2.5 2.0 +
8 10 10 2.0 2.5 2.5 +
18 10 10 4.5 2.5 25 -
6 10 10 1.5 2.5 2.5 -
14 11 11 3.5 2.75 275 -
16 11 11 4,C 2.7 275 -
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Teble 107
FL-'M:BILITY OF MIXTURES OF n-HEPTL..E, IR, ETHYL BRCNIDE :
WITH METHYLENE LIBROMIDE ;
(Totel Pressure = s. . ma. 3g) ;
—Pressure, mm. Hp Volume % Result
SaHie  CallaBr Colya  ColisBr CHaBra

12 8 e 3,0 2.0 2.0 + |
20 6 6 5.0 1.5 1.5 - ‘
12 12 12 3.0 3.0 340 - :
16 6 6 4.0 1.5 1.5 - |
12 11 11 3.0 2.75 2,75 + |
8 8 8 2,0 2.0 2.0 - .
14 10 1c 3.5 2.5 2.5 + E
10 8 8 2.5 2.0 2.0 - i
8 4 4 2.0 1.0 1,0 + ‘
12 8 8 3.0 2.0 240 - |
4 4 ‘ 1.0 1.0 1.0 - i
12 8 8 5.0 2.0 S eU - |
6 4 4 1.5 1.0 1.2 - i
8 3 3 4.G 0.75 U5 . :

12 8 8 3.0 2.0 2.0 .
20 3 3 5,0 075 0,75 * ;
14 12 12 3.5 3.0 B - ;

24 3 3 6.0 0,75 Q.75 -

13 11.5 11.5 3.25 2.67 2,87 - ; .
22 3 3 5.5 075 Uo75 * ‘
11 11 11 2.75 2.7 2.75 + i
15 11 11 3.75 2.75 2,75 - :
A




Table 108,

FL.MBLU.BILITY OF MIXTURES OF n~-HEPT.NE, aIR, C~RBON TETR.~-
CHLIRILE ..ND VETHYLENE DIERCMNIDE
{Totel Pressure = 4u0 mm. Hg)

Pressure, mm, Hg Volume € Hesult
Lalia CHgBra CCl, Calse GCHaBrz Cilg
10 1o 3.0 2.5 2.5 +
3 3 1.5 075 0475 -
13 13 3.0 3.25 3,25 +
3 3 & ot JVe78 Q.75 +
16 16 3.0 40 a2 80 -
6 6 5.0 1.5 1.5 +
4 14 3.0 3.5 5.8 N
6 6 640 1.5 1.5 -~
15 15 3,0 3.75 575 -
11 11 4,0 2.79 2475 +
14 4 249 3.5 3.5 +
11 11 G5 2.75 2479 *
14 14 2,0 3.5 3.5
11 11 5.0 2.75 75 -
15 15 2.5 3,75 2,70 -
10 19 2.d 2.5 249 +
14 14 3.5 3.5 3.5 -
10 1!-) 1-5 2.5 2-5 -
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Table 113{Continued)
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HLCRIDE IND ETHY! BRC.JIDE

5C4 CH,C1,
504 C H,B

METHYLENE DIC

Result
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Table 114
25% C;H,Br

Result

FLULLABILITY CF MIXTURES CF PENT
7o

1CCF CH,C1,

Volume,

Cqilga
Volume, %
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Table 115 \Continued)
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Tehle 117

JL.BILITY . F MIXTURES _F n-HEPT.ME, ..IR, .NI PETHYL BR_JIDE

3

%on
3.\1
G
LI
lo.c
goL‘

(Total Prossure = lou mne Hga)

Volume, 2
sethyl Bromide

4.5
Bev
R
24w
lev
1.
Ceb
JeD

Rusult




Table 16

FLAOGLBILITY OF MIXTURES OF n-HEPTANE, IR, .ND METHYL BROUIDE
(Total Pressurc = 200 mu, :ig.)

Volume, &
n-Heptane kethyl Bromide Result

dev Sev +
20\- 5.‘4 -
Bav 5.5 -
2w 4 .v -
G v Seu -
Lav IR} +
4. Boew +
lav lev -

2.5 5.5 +

LR
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T-blo 119

Flommability of mixturce of n~-Hoptanc, Alr, and | ovhyl oronide.
{Tctul Pruscurcel00 rm, Bgl )

Yolume
n=-H.ptopc Mcthyl Bromido Result

2.0 6.0 -
2.0 5.0 +
340 5,0 -
2.0 5.9 +
1.0 .0

1.5 Du9 -
Ceb 57%+) +
1.5 3.0 +
245 6.0 +
"‘oo 3.0 -
2Q5 6.5 +
3.5 3.0 +
245 7.C -
1-0 5.0 -
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Flermability of mixturcs of aeHoptarc, air, .nd Hothyl Sromido.
{Total FroasuresS00 rom. Hg. )

VOI.\X."“;C. ﬁ
pn=Heptenc Mothyl Bromidoe Rosults
105 10 -
2.0 7.0 -
1.5 9.5 -
1,5 9,0 -
4.0 3.0 -
1.5 7.0 +
105 8.0 -
1 7.0 -
1.5 7e5 -
'2‘.0 2.5 +
1.C 340 -
6.0 +
1.0 100 -
740 +
1.0 -
8.0 -
1.5 — +
2e5 5.0 +




Table 181 o83,

Flormedility of mixtures of n=Hoptine, air, wund Hromotrifluoromnthanc,
{Totzl Prossure=200 mn. lge)

Volww %

n=Hcptone Bromotrifiucroncthoanc Results
3.0 5.0 -
3.0 3.0 +
SQC 4-(: -
2.0 3.0 "~
3.0 3.5 *
3'5 3-0 -
2,5 545 +
3.5 345 -
2.5 %G +
2.5 ‘.‘t i
“'.0 1.5 +
5.0 1.5 -
2.0 1.0 +
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lable 1.2

FLAMMABILITY OF JIXTVEES OF n-LPTANE, . IR, 0D DROMOTRIFLUVOROLETILNE

{Totl Prcoure = 300 =, idz,.)
Yolume, %

_a=Heptane trifl ti ~Result
3,0 5,0 +
3.5 4.0 -
3,0 5.5 +
2.0 4.0 -
Y IRy *
1.5 2.C -
35 6.0 -
3,0 6.5 -
245 640 -
2.0 2,0 +
4.5 2.0 *
5,0 2.0 .
5.5 2.0 +
6.0 2.0 -




FLANARILITY OF MINTURES OF n-

340
3.0
1.5
245
3.0
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{Total Preasure = BOU mm. Hg)

Bromotriflugromnihone kesult
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Table

PHYSTICAL DATA POR GASES SUPPORTING COMBUSTICN

124

daterial orin Oxygan Flunrine
Boiling ~34,6 (10,42,79)  ~183,0 (11,42) ~187, (11,23,42)
Point, °C, ~33.6 (42) -182,7 {25,25)
Melting ~101,6 (11,42,79) =218.,4 (11,42) ~233 (10,23,42
Foint, *C. ~102, (23) =218, (23) 79)
~103.5 (79) ~218,8 (25j
Mplecular 35,457 (11) 16,000 (11) 19,000 (11)
Weight 35,46 (23) 16 (23) 19.0  (23)
Critical 141 (23) =118  (23)
Temperature, °C, 144 (79) =118.8 (79) ~129,1 (8)
Critical 8349 (23) 49,7 (79) 55 (8)
Pressure, atm. 76,1 (79) 50,0 (3)
Critical 0,5739 (79) 0.430 (79)
Density, g./cc. 0.573 (79) 0.6044 (23)
Heat of Fusion, 0.812 kg.cal/g.atom 0.053 kg.cal/g. 0.19 kg.
142) atom (42) cal/g.atom
3.40 kg.joules/g. at b.p. (42)
atom (Y9) 0.8g~joules/
96.1 joules/g.(at geatom (79)

m.p.) (79)

Triple Point, A 417,1 at 76,1 atm. 54,3 (25)

1 atm. P, 50°

(59) (52)
Dencity STP
Liquid, (g./1.)  3.214 (23,79) 1.4290 (23) 1.695 (23,79)
Vapor 24491 (23) 1.1053 (23) 1.26 (23)
Hoat of Vaporizution 1040ki. joulus /g, 1630.7+1,5
ator (st tep.) {79) cal/molc
(24)
2.39kg.cul/g.atom 50.97 cal/ke.
(42) (23)

Ky e
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THERMAL CONDUCTIVITIES FUR OXYGEN {29}

Tomperature, %A

me¥; %gdgct;v;tx x )06
cal. 36C./Chl, *A

1.701
1,725 .
1.230

24139
24387
2.614 .
24840

2.064
3.287

3,508
3728
3946
4.162
4,292
4.375
4,584

4,720

4.993
0,194
5.392
5.586
5780
5,70

5.970
Ge 109
64350
64947
6,798
6,954
7.164
7378
7594
7.182
7.427
8,033

80
81,7
0
10C
10
120
130
140
1
160
170
180
150
194,7
200
210
20
23X
240
230
260
270
273

el
[

0
310
30
330

350
360
370
373
330
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Teblo 28

Heat Capacitisc for Oxyaca

Cp~cal/molc/*A {78) (&) Tcamporature *A
7.017 7,019 295,16
7:194 7:194 200
7.429 7.430 500
7.6% 7. 659 600
7.885 7.882 700
8,212 8,211 900
8,335 8,335 1000
8,440 8,439 1100
8,530 8,528 1200
8,570 1250
8,608 8,606 1300
8,676 8,675 1400
8,739 8,739 1500
8.885 1750
9.024 200
3.035 2500
9.018 3000
9,711 3500
3.879 4000
1C .03 4500
1C,.105 50C0
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cat Capucitics for Chlorins (6)

Cp~col/mole/oA Temporiture °4
0,89 iH
1,87 X
2,90 &5
3.97 30
5.73 40
6,99 50
B8.00 60
8,68 70
Fu23 80
9,71 920

10,10 100
10.47 110
10,87 1
11,29 13C
11,73 110
12,20 1%
12,68 160
13,17 170
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Table 128

THERMAL CONDUCTIVITILS FOR OXYGER

Thermal Conductivity, Temperaturs, Ref.
esl ./om, sec, *A

1.851 6E,53 o4
2,035 94,55 34
24,113 98,02 34
2.774 127 .22 34

#8861 120,29 4
3.166 144,56 4
3.316 151.24 34
3.676 167.28 34
4.051 185.17 34
4,488 206.38 4
4,981 223.36 34
€.408 250.87 34
5.819 272.07 4
6.175 220,90 34
6.828 523,86 5
7.201 341,99 34
7.547 357 .63 34
7 «35€ 376 .30 34
5.768 273,.,1 78
5.83 a7
5.839 39
5.89 55
5 .89 31

5.90 18

~



Table 1%9

PHYSICAL DATA FOR SONE FLAMMABLE GASES

277

Mpteriul Ethane Acetylene Methene
Eolling Point, -88.,3 {11) -85.6 {16) =-161,.5% {11,73)
°C -89.1 {81) -83,8 (38) «181,57(70)
=69.0 (28} -85, (%) -16l.4 (16)
U3, (&3 -B2,9 {:) -164. (38,
-88.9 (42) -85,0 (72) -165. (£3)
58 ,62(79) -161.1 (ag)

Kelting Point,

-172. (42

-81,8 (11,38)

-18¢. (11,23,38)

°C ~171. (23} =31,0 {16,23) -l&2.5 (16)
-172. (11) -164.4 (42)
-183.2(16)
~it3.23(&1)
~172.2 (42)
Lolecular Weight 30.27 (11) 26.04 (11) 16.04 (11)
16.03 (82)
Critical Temnera- 32.27 (2) 3641 (16) -82.4 {70)
ture, °C 3.2 (79) 86, (79) -82.8 (16)
22 (23) -82.1 (79)
-82. (82)
Critical Pressure, 42,0 (23} 61.7 (79) 45.8 (16,79,82}
atma. 45.8 (16) 6Le (16)
48.2 (2)
48,8 {79)
Critieal dernsity, 0.220 (79) $23C (79) 0.1615 (30,91)

g/ce.

0,205 (2,186)

04271 (16)

0.162 (14)

heat of Fusion,
cal/mole

682 .9

(et b.p.) (B1)
682 (25)

224 (25)

Triple Point,

B89.9 (25)

8l.8 (79)
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Table 129 (Cont'4)
PHYSICAL DATA FOR SOME FLAMMABLE GASES
Material Bthene Acetvlene . Metheone .
Vapor Denutty (g./1.)
at STP 1.0494 {23) 0.92 (23) 0.415 (16)
Liquid Density (g./1,) 0.415 (23)
Heat of Vaporization,
cal/mole 3415 + 4 (81) 2036 + 2 (24)
(-173.6%C.}
cal/g 118,9 {at b.p.) (16) 13643 (16
(Qt b.p.)
o Mgt S g A S A an

”~r

\‘._

e

PP



Table 130

HEAT CAPACITIES OF FLAMMABIZ GASES

£79.

Materials Cy, cul/mole Cps cal/mole Temporature Ref,
A

Ethane 6457 - 92 o4 20
G451 - 93,1 40
6455 Y3 eH 40
6455 - 9:.3 40
6 .59 - 97.4 40
6.60 - 98,4 40
6 .64 - 92.6 40
6 064 - 100 .5 40
772 - 134.1 40
7.10 - 143.0 39
7 43 - 163.0 39
8 013 - 191 11 4:2
8.02 - 193.0 39
- 11,84 272,07 41
9,408 - 288,1 42
- 12,733 302.70 42
- 13,719 335 .82 41
- 14.589 364,78 41
- 12,59 298,16 S
- 12.65 300.,0 S
- 15.68 400,0 5
- 18,66 500.0 S
- 21.34 600,0 5
- 23.71 ?700,0 5
- 25.82 800,0 S
- 27 .68 900,0 )
- 29 031 1000 .0 5
- 30,75 1100.0 S
- 32,00 200,0 5
- 33,10 1250.0 S
- 34,05 1300.0 S
- 34 .89 1-:00,0 S5
Methane 5104 7.20 158,1 42
5.92 7.963 19¢.1 42
644512 6.45 288.1 42
- 8 .47 288 ,6 16
- 9.49 283.1 23
Acetylene 29,12 - 202,.1 42
- 10.452 291.1 42




Material

Table 131

STTLICTRIC CONETUMI® OF TCF GATR

ofon i L3S Mkl (alea% 2Fa% 3
RTC COTINTIO

NEMCN ¥

280,

Dielectrie Constant Pressure, Temperature, Rer,
_mo. HE A

Oxygen 1.,000,523,3 760 273 31
1.000, 7y 1217 291.1 50

1,000,686 2863 201.1 50

1.000,5:¢ 763 291 .7 S0

1,000,986 1507 29) 47 50

1.001, 31+ 2035 291.7 50

1.000,5:1 2873 292 4.6 50

1.00%, 231 6610 294 .4 50

1.002, 761 ~395 204,6 50

1.001,849 2955 295,1 50

1,004,250 6675 295 .4 50

1.003,3u8 5352 296 ,1 50

Chlorine 1.9 760 274 .1 13
2.0 760 274 .1 22

1.97 760 274.,1 49

A awiwraw

g




281.
Table 132

RATIO OF Cp/Cv POR SOME FLAMMAELE GASES

Materials Cp/ Cy Temperature, Ref,
o
A
Methane 1.47 158.1 %2
1,35 193.1 42
1.31 88,1 42
1,316 284.1 to 300,1 23
Ethane l.22 288,1 <2
1.2)1 32%.1 42
1,19 375,.1 42
Acetylene 1.3 202.1 79
.26 288 .1 79
1,28 191l.1 42
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Teble 133
THERMAL CONDUCTIVITIES FOR SOME FLAMMADLE GASES
Materiml Thermal Conductivity x 10° Temperature, Ruf,
L)
A
Cal/om,/sec./*A
Acetylene 4,40 273,11 29
Ethane 2.727 202,7 29
4.306 a3, 29
7.673 53731 29
Methane 2,248 Bl .S 29
2872 90 33
2.936 100 33
2,800 110 33
3,065 120 33
3.331 180 33
3.595 140 33
3,860 1¢- 33
4,128 - 33
4,396 170 33
4,667 180 33
4,940 190 a2
4,940 197.5 79
5.216 200 23
5.496 210 33
5.778 220 3z
6,063 230 <
6.351 240 3
6,643 250 23
€.940 260 I3
7242 270 X
7,200 2731 29
7.549 280 a3
7.862 290 33
8.186 300 35
8,518 310 33
8.862 320 33
9.219 330 33
9.590 340 33
9.978 350 35
10,372 360 33
10,797 370 33
11,220 380 33

e agm . @ Sl -

-
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Table 134

DIELEZTRIC CONSTANTS OF SOME FLAMMADLE GASES

Material Dielactrie Tomperature, Pressure, Ref.
gorr-vahy G atr,

dothane 1.014918 8] 20 75
104044 0 40 75
1.,06439 0 80 75
1,09082 (v} 80 5
1.1188 0 100 75
1.0134 100 20 7%
1.32703 hole 40 Vis)
1.64164 100 60 75
1.05€15 160 80 75
1.07113 100 100 75
1.09005 100 125 75
1.1089 100 150 75
1.1275 100 170 75

Ethane 1.0015 73

Acetylene 1.00134¢ 73
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Teble 137

THERMAL CONIUCTIVITIIS OF INERT GASES

290,

Material Thermal Conductivity x 10° Temperature, °A Ref,
_Cal/sec./cm./%h
A'@on 1442 90,6 29
3.86 27341 <
5.037 373.1 29
Heliun 6.0 3.0 60
5.13 20.8 29
15.34 80 23
11.84 B8l.,4 29
16.4% 30 33
17,21 100 33
18.53 13 33
1¢.64 120 33
20.63 130 33
21,71 130 33
22,73 150 3%
234,73 160 33
24.72 170 33
£5,63 180 33
£6.60 130 33
27 .56 200 33
28.49 210 33
29,39 220 33
30.28 230 93
31.15 240 a3
32.00 250 33
32.8% 260 33
33,65 270 33
33.6 273.1 29
34 .45 280 33
35 423 290 33
36.00 300 33
36 474 310 A
37 .46 320 33
38,15 330 32
38,81 340 33
39 .44 350 33
40,05 360 33
40.62 370 33
39 .85 373.1 29
41,17 380 33
Neon 4,99 91.7 33
8.79 198,7 33
10.87 273,1 33
13.44 378.9 33
Xenon 1,24 273.1 15

PRSPV g 3




Table 1%7 {Continucd)

291,

Mcterial Tacrmal Conductivity x 100 Temperature, °A Ref.,
Cul/saclom /oA

Nitrogen 1.829 81.7 2y
44305 198,7 29
5,68 273.1 29
7.18 $73.1 29

Krypton 2.2 273+ 15

Corbon dioxide 1.984 180 33
2.126 190 335
2,546 194.6 29
2.272 200 33
2,424 210 a3
2.580 220 33
2+741 230 33
2.907 240 33
3.077 250 33
34251 260 33
3429 270 33
34393 273,1 29
34611 280 33
3a796 290 33
5,964 300 33
4,175 310 an
44,371 320 33
4,571 330 33
4.777 340 33
4,988 350 33
5.202 360 33
5.416 370 33
5.06 373.1 29
54630 380 33
14.20 B19.1 29

Methyl bromide 1.74 2777 33
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Tadble 138
* DITIYCTRIC CON.T NTS ©f C..RBON DIOXIIE
Prossure Temp.
teri Die i ngtant m, He, A Ref,

Carbon 1.,000842 714 294 ,1 76

dioxide 1.000862 722 294,1 76
1.000873 724 294,.1 76
1.000929 76% 291.1 76
1.001449 1203 292.6 76
1.001548 1275 292.1 76
1.002145 1747 252,1 76
1.002367 1946 292,6 76
1.002377 1959 294.1 76
1.002421 1997 292,6 76
1.003042 2486 291.3 76
1.003074 2511 292,6 76
1.003595 2868 291.1 76
1,004057 3329 294:1 76
1,005540 4494 293,56 76
1,008667 5384 294 .4 76
1.007452 5986 294,1 76
1,007608 6088 . 293.5 76
1.0280 25.79 296,15 80
1.0343 30,487 298,15 50

X

These velues are expressed in atmospheres.

e ia




Table 139 (Cont'd)
DUELECTRIC CONCTAMTS OF INERT CASES

Pressure
Kateriol Rielectric Constant S. . Temp..°s. Ref,
Cerbon 1.0415 35.24 298.15 50
dioxide 1.0494 79,99 | 50
1.0565 44,65 v 50
1.0707 50,17 | 50
1.0838 54,62 50
1,1Czen 53.33 \l/ 50
1.1317 65.14 50
1.02486 25,80 322,81 50
1.03578 35.26 ; 50
1.04566 42,91 50
1.06343 54 .67 50
2.07793 1.01 N9
1.06857%4 56,4 50
1.09712 71.27 i 50
1.11124 76.33 ) 50
1.12444 BO.74 50
1.15457 88.27 N 50
1.01951 24.75 372.86 50
1.04457 51,76 50
1.06939 74,35 50
1.13914 123,50 50
1,18008 146,20 50
1.20654 160,31 v 50
Helium 1.000,072,8 - 80
1.000,068,4 + 0,000,000,5 273,1 31
Neon 1,000,134 - 80
1.000,127,4 & 0.000,000,5 273.1 31
Argon 1.000,550 - en
1,000,545,1 + 0.000,000,5 273.1 31
Krypton 1,000,838 80
Xenon 1,001,351 80
Methyl bromide 9,97 273.1 53
10,42 263,1 52
16,91 253,1 z
11.43 245.1 53
12,00 23,1 53
12.63 223.1 53
13,32 213,1 53
14,07 203,1 53
14,96 193,.1 53
16,02 183,1 53
17,4 173,1 53



cp-gal !mg] g {c

6.957
6.95%
6.960
6,961
5.991
7.070
7.197
7,351
7.512
7.671
7.818
7.947
8.063
8.116
8.165
8.253
8.330
8.486
8.602
8.759
8.862
8 .934
8.984
9,036
9.076

Table 140

Heat Capacities of Nitrogen (73)

Temporaiure A

200
=50

298.

400
500
600
700
800

1000
1100
1200
1250
1300
1200
1500
1750
2000
2500

3500

4500
5000

1A

284,
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Teble 141,

Heat cepowiticn ¢f k 9e0us ¢ rbon Gioxtdo

—Ssp-cal/mole/ A —Lesperature, A Ret.
5.827 £92.9 %
8.374 238 .16 78
8.894 300.0 8
2,240 301 .86 41
°,.503 358 .4 41
J 595 a67.72 41
9,871 400,0 78

Lv,5662 500.0 78
11,311 600.,0 78
11,819 700.C 78
1L.300 800.C 8
12.678 9060.0 78
12,998 1000.0 76
12,260 1100.0 78
13.49 1200 .0 76
13.59 1250.0 78
. 13.68 1300,0 e
13.85 140C.0 7
13,99 1500.6 78
14.30 1750.0 78
14 .50 2000.0 78
14.80 2500,0 78
£.00 3000,0 7€
15.2 3500.0 76

e
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Table }42
Heat Capacities of solid cerbon dioxide
0.540 15 27
1.22% 20
2.137 29
%.093 30
3,912 35
4,690 40
5.435 45
6.095 50
7.178 60
cLun2 70
3,082 80
$.106 90
9,530 100
9,915 110
10,30 120
1C,67 130
11.04 140
11,39 150
11477 160
12,17 170
12,61 180
13.07 190

Y




T

1.5
" +56
3.60
41.54
6.37
7493
10,02
10,79
11.42
11,92
12.%4
12.67
12,96
13,21
13.44
13.88
10,18
11,07
11,96
13.60
15.05
16.27
17.3C
1B8.24
19.06
19.78
20.41

Table 142

HEAT CAPACITIES REPORTED FOH JETHYL YROMIDE

Tapperetura. ’a

1R
A

20
25
30
40
50
6o
70
80
90
100
110
120
130
140
150
160
298.1
350
400
S50G
600
700
800
900
1000
1100
1200

F

SOOI O

237.



cv Cal/mole

10.32
11.27
12,16
13.01
13,82
11,57
15.25
15.92
16.51
17.06
17.55
18.01
16.43
14.82
16 .87
17.37
18.32
19.10
19 .?4
20,34

Tadle 144

HEAT CAPACITIES FOR DICHLORODIFLUOROMETHANE

cpca]./mole

12.31
13.2%
14.15
15,00
15.80
16,56
17.24
17.90
18,50
19.04
19.54
2¢.,00
20.41

Temperature,
°

—bea

173.1
198,1
22341
248,1
273,1
323,1
348,.1
37361
398.1
423.1
448,.1
473,1
£73,1
ul3e4l
273.1
423.1
473,.1
£23.1
573,1

298,

>
?

BRERKEBEERESR

- Ty

"I




11.37
12.01
12.68
12,73
14.02
1450
15.19

11.23
12,74
14,09
15.27
16,30
17.18
1794

‘Tabtle 145

HEAT CAPACITIES OF TRIFLUCROMETHANE {28}

{Cal./moles ut ®a}

Temgnrature, °A Cp

250 16 24
273.1 16.68
298,11 17.15
300 17.95
350 16.65
375 19.27
409
Table 146

450
473.1
500
£50
600
65¢

HEAT CAPACITIES FOR C.KBON TETRAFLUORIDE (20)

{Cal./mole at °A4)

.




Tadle 147

THE RATIO CP/CVFOR SOME INERT GaSES

300,

Material Cp/cv Temperature, “C, Ref.
Nitrogen 1.41 - 23
1.47 =181 42
1.404 15 42
Helium 1.652 - a2
1,660 -180 42
Argon 1.76 -180 42,79
1.668 15 42
1,65 15 79
~rypton 1.68 19 42
Neon 1.64 19 42
Dichlorodi- 1.138 - 42
fluoromethane 1,139 25 42
Methyl bromide 1.27 18 <2
Carbon dioxide 1.37 -75 42
1,310 1 42
1.304 15 42
1.281 100 42
1.235 400 42
1.195 100C 42
1,171 2000 42
1.2995 4-11 2%
Xenon 1.66 292 63

.
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